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Stuffing box plate, cast 
integral with nozzle sec- 
tion, provides a posi- 
tively leakproof con- 
struction. It prevents 
any water or sand from 
reaching the operating 
thread. No rusting, 
freezing or clogging. No 
wear on thread through 
sand abrasion. 


You need ask only two questions 


about fire hydrants: 


Will they be ready for instant use in an emergency? — 
Mathews Hydrants are so simply and soundly 
constructed that they are always ready. 
Water, ice and sandy deposits cannot reach 
key parts to rust or freeze, or clog operation. | 
In any weather and all temperatures, 
Mathews Hydrants function with a minimum 
of maintenance 


Can the hydrant be quickly replaced if broken in 
a traffic accident ? 


When you have Mathews Hydrants on the 
job, neighborhood fire protection can suffer 
only momentary interruption. A_ broken 
Mathews Hydrant can be replaced with a 
new barrel in less than half an hour, and 
without excavating. 


R. D. WOOD 
COMPANY 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Pine (centrifuanit 


Main valve, true compression type 
opens against and closes with water 
pressure. The higher the pressure 
the tighter the valve. When hydran 
is broken in traffic accident, there’: 
no leakage with consequent dan 
gerous loss of pressure. 


Available for mechanica! 
joi nt connections 
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THE ENDS 


From Canada to South Africa— 
from the Pacific Ocean to the Near East— 
Lock Joint Concrete Pressure Pipe 


continues unfailingly to bring life-giving water 
inues unfailingly t g giving water 


to cities, farms and industries. 

Engineers and water works officials 
of many countries have shopped the world and, like mi a 


so many of their fellow experts in the United States, 
have chosen Lock Joint Concrete Pressure Pipe 
as the most durable, dependable and 

economical medium for the construction of their 
vital water supply and distribution lines. 


You cannot do better than to follow 


their example and specify LOCK JOINT. 


LOCK JOINT PIPE CO. 


Soles Offices. Chicago, ill 
Pressure + Water +» Sewer +» REINFORCED CONCRETE PIPE + Culvert - Subaqueous 


East Orange, New Jersey 


+ Columbia, S.C. + Denver, Col. + Detroit, Mich. + Hartford, Conn. + Kansas City, Mo. 
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Ace Pipe Cleaning, Inc. 


AG Chemical Co. 
Alabama Pipe Co............... . 46 
Alco Products, Inc. 10 
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American Agricultural Chemical Co. 76 
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Huge solar engines imprisoning the heat of the sun may create islords of fertility 
in icy wastelands, thus vastly increasing the productive food areas of the earth 


100 years from now... 


WE MAY GROW ORANGES AT THE POLES! 


What will the world be like generations from now? 
Wonderful new products and methods will make living easier, 
pleasanter, safer. But in this marvelous new era, one old friend 
will still serve efficiently. Water and gas will be carried by 
rugged cast iron pipe laid today. For more than seventy 
American water and gas utilities, cast iron mains overa century 


US. 
PIPE 


old are still serving dependably. And modern cast iron pipe 
..centrifugally cast and quality controlled...is far tougher 
and more durable. 
U.S. Pipe is proud to be one of the leaders in a forward-looking 
industry whose service to the world is measured in centuries. 


U. S. PIPE AND FOUNDRY COMPANY, General Office: Birmingham 2, Alabama A. : et 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO ond PIPE. 
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COMING MEETINGS 


oming Meetings 


Vol. 48,No.9 


Sep. 12-14—New York Section, at 
_ Sagamore Inn, Bolton Landing, Lake 
George. Secretary, Kimball Blanch- 
: ard, Rensselaer Valve Co., c/o Ludlow 
Valve Co., 11 W. 42nd St., New 
17. 


Sep. 12-14— Michigan Section, Bur- 
dick Hotel, Kalamazoo. Secretary, T. 
__L. Vander Velde, Chief, Water Supply 
Health, 


Section, Michigan Dept. of 


Lansing 4. 


7 Sep. 12-14—North Central Section, 
at Hotel Lowry, St. Paul, Minn. Sec- 
retary, Leonard N. Thompson, Gen. 
Mgr., Water Dept., St. Paul 2, Minn. 
Sep. 17-19—Kentucky-Tennessee 
Section, at Hotel Patten, Chattanooga, 
- Tenn. Secretary, J. W. Finney Jr., 
553 S. Limestone St., Lexington, Ky. 


Sep. 19-21—Ohio Section, at Com- 
modore Perry Hotel, Toledo. Secre- 
tary, M. E. Druley, Dayton Power & 
Light Co., Wilmington. 


Sep. 26-28—Wisconsin Section, at 
_ Stoddard Hotel, La Crosse. Secre- 
tn. L. A. Smith, Supt., Water & 
Sewerage, City Hall, Madison 3. 


(Continued on page 8) 


i AWWA SECTIONS ne Sep. 30-Oct. 2—Missouri Section, 


at Hotel Governor, Jefferson City. 
Secretary, W. A. Kramer, Rm. 3, 6th 
Floor, State Office Bldg., Jefferson 
City. 


Oct. 14-17—Southwest Section, at 
Marion Hotel, Little Rock, Ark. Sec- 
retary, Leslie A. Jackson, Mgr.-Engr., 
Municipal Water Works, Robinson 
Memorial Auditorium, Little Rock, 
Ark. 


Oct. 15—16—Canadian Section, Mar- 
itime Branch, at Admiral Beatty Hotel, 


St. John, N.B. Secretary, J. D. Kline, 
Asst. Mgr. & Chief Engr., Public Serv- 
ice Commission, 62 Lady Hammond 


Rd., Halifax, N.S. 


Oct. 18-20—New Jersey Section, at 
Hotel Madison, Atlantic City. Secre- 
tary, C. B. Tygert, Wallace & Tiernan 
Inc., Box 178, Newark 1. 


Oct. 21-24—Alabama-Mississippi 
Section, at Battle House, Mobile, Ala. 
Secretary, Irving E. Anderson, Dist. 
Engr., Surface Water Branch, USGS, 
Box 2052, Jackson, Miss. 


Oct. 23-26—California Section, at 
U. S. Grant Hotel, San Diego. Secre- 
tary, Henry J. Ongerth, Sr. San. 
Engr., Bureau of San. Eng., 905 Con- 
tra Costa Ave., Berkeley 7. 
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It’s Transite 


Ring-Tite 
Pressure Pipe 


@ Transite® Ring-Tite® Pressure Pipe is a 
community investment that pays off year 
after year! 

Its remarkably high flow characteristics 
protect that investment by keeping main- 
tenance and pumping costs at a minimum 
during its long service life. 


Corrosion resistant 


Transite Pipe is strong, durable, and highly 
resistant to corrosion. And it is immune to 
tuberculation, the form of interior corro- 
sion that chokes the flow and increases 
pumping costs. Transite cannot tubercu- 
late, thus its original high flow capacity is 
maintained, and pumping costs are kept 
at a minimum, year after year. 

The Ring-Tite Coupling, with rubber 
rings compressed and locked in place, 
Pi a forms a joint that is tight yet flexible. 

a Rings cannot blow out, and the automatic 

separation of the pipes within the coupling 
An asbestos-cement product helps to relieve line stresses. 


For further information about Transite Pressure Pipe and the . 
Ring-Tite Coupling, write for Booklet TR-160A. Address Johns-Manville, ’ IV} 
Box 14,New York 16, N. Y. In Canada, Port Credit, Ontario. 


_Johns-Manville TRANSITE PRESSURE PIPE 


WITH THE RING-TITE COUPLING 


= 
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Coming Meetings 


COMING MEETINGS 48, No.9 


Oct. 24-26—Iowa Section, at Hotel 
Fort Des Moines, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


Oct. 24-26—Chesapeake Section, at 
Sheraton-Belvedere Hotel, Baltimore, 
Md. Secretary, Carl J. Lauter, 6955 
—33rd St., N.W., Washington 15, 
D.C. 


Oct. 31-Nov. 2—West Virginia 
Section, at Hotel West Virginian, 
Bluefield. Secretary, Hugh W. Het- 
_ zer, Engr. Gen. Office, West Virginia 
Water Service Co., 179 Summers St., 


Charleston 1. 


Nov. 7-9—Virginia Section, at 
Chamberlin Hotel, Old Point Comfort. 
Secretary, J. P. Kavanagh, Dist. Mgr., 
Wallace & Tiernan Inc., 213 Carlton 
Terrace Bldg., Roanoke. 


Nov. 11-14—Florida Section, at 
Daytona Plaza Hotel, Daytona Beach. 
_ Secretary, Jay D. Roth, City Hall, 
Miami Beach 39. 


Nov. 12-14—North Carolina Sec- 
tion, at Hotel Charlotte, Charlotte. 
Secretary, Wilbur E. Long Jr., 1615 
Bickett Blvd., Raleigh. 


Nov. 26-28—Rocky Mountain Sec- 
tion, at Broadmoor Hotel, Colorado 
_ Springs, Colo. Secretary, Jack W. 
Davis, Dist. Mgr., Transite Pipe Div., 
a; Johns Manville Sales, Inc., Denver, 
Colo. 


Nov. 29-Dec. 1—Cuban Section, at 
Cuban Society Engineers Bldg., Ha- 
vana. Secretary, Laurence H. Daniel, 
Pres., Laurence H. Daniel, Inc., Bara- 


(Continued from page 6) 


OTHER ORGANIZATIONS 


Sep. 17-21—Annual International Instru- 
ment-Automation Conference & Ex- 
hibit, New York, N.Y. For informa- 
tion, write Fred J. Tabery, 250 W. 57th 
St., New York. 


Oct. 8-11—Federation of Sewage & In- 
dustrial Wastes Assns., Statler Hotel, 
Los Angeles, Calif. 


Oct. 8-12—National Metal Exposition & 
Congress, sponsored by American So- 
ciety for Metals, at Public Auditorium, 
Cleveland, Ohio. 


Oct. 14-17—National Institute of Gov- 
ernmental Purchasing, at Conrad Hil- 
ton Hotel, Chicago. A. H. Hall, Exec. 
Vice-Pres., 1001 Connecticut Ave., 
N.W., Washington 6, D.C. 


Oct. 15-17—Annual Convention, Ameri- 
can Gas Assn., Atlantic City, N.J. For 
reservations, write American Gas Assn. 
Housing Bureau, 16 Central Pier, At- 
lantic City, N.J. 


Oct. 15-19—American Society of Civil 
Engineers, Pittsburgh, Pa. 


Nov. 12-16—American Public Health 
Assn., Atlantic City, N.J. 
Nov. 27-30—National Chemical Exposi- 


tion, sponsored by American Chemical 
Society, at Public Auditorium, Cleve- 
land, Ohio. 


1957 


Feb. 3-5—Annual Midwinter Conference, 
Public Utility Buyers’ Group, National 
Assn. of Purchasing Agents, at Brown 
Hotel, Louisville, Ky. Chairman, L. 
G. Wiseley, Michigan Consolidated Gas 
Co., 415 Clifford St., Detroit 26, Mich. 


Mar. 25-29—Western Metals Congress 
& Exhibition, at Ambassador Hotel and 
Pan-Pacific Auditorium, Los Angeles, 
Calif. Managing Director, W. H. 


Eisenman, 7301 Euclid Ave., Cleveland 


a 


HERSEY WATER METERS 


are distinguished for their correct design, 
high quality of materials and workmanship 
— which all add up to a long life of accurate 
registration at lowest maintenance cost. 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 


BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA 
ATLANTA — DALLAS — CHICAGO — SAN FRANCISCO — LOS ANGELES 
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SPECIFY ALCO 
electric welded steel ab 


ALco Electric Welded Steel Pipe offers the highest possible 4 
_ degree of strength and durability in transmission pipe. 

Because it is made of the ideal material — steel — ALCO _ 
steel pipe can withstand the impact of vibration, settlement, 
cave-in and washouts. Emergency pressures, surge and water _ 
hammer do not affect it. Steel pipe can be supported on piers a 
_ at 40 ft centers or greater, to span marshes or ravines. 

There are other advantages that provide a bonus in econ- 
omy and performance: 


Efficiency — Smooth, high-gloss tar-enamel inside surface gives max- _ 
imum rate of flow, minimum friction loss. 
Adaptability — Can be installed under water, in mud, sand, and on 
steep slopes without special care. 
Many joining methods— Can be welded, riveted, flanged, or Dresser- 
coupled. 
Low first cost — Long, 40 ft lightweight lengths reduce installation 
costs, provide more strength per dollar against bursting than any 
other material. 

Ask your nearest ALCO Sales Office for a copy of “ALco Electric 
Welded Steel Pipe for All Types of Installation,” or write to P.O. Box 
1065, Schenectady 1, New York. 


ALCO PRODUCTS, INC 
A LC ne th NEW YORK ! 
0 Sales Offices in Principal Cities 


Locomotives Diesel Engines Nuclear Reactors Heat Exchangers 
Springs Steel Pipe Forgings * Weldments Oil-Field Equipment 


re 
A 


Sep. 1956 JOURNAL AWWA PER 11 


PINK 


of Condition 


CHAPMAN MOTOR UNITS 


of valves, floorstands and sluice gates ... are in the best of condition for 
accurate performance and longer, lower cost life. 

We've made them as you like them... simplified them... streamlined _ 
them .. . taken off all the fat. In fact, when you look at a Chapman Motor 
Unit today, you can only find approximately half as many parts as on any 
other unit. 

This simplicity, combined with Chapman's traditional ruggedness, | 
means less trouble and lower maintenance over a longer period of smooth, 
accurate performance. 

How can you go wrong? With Chapman Motor Units, the simplified de- _ 
sign... the sturdy construction . .. mean no drift; less slash; accurate mi- _ 
crometer-controlled limit switch for predetermined seat tightness; quiet _ 
motor driven operation at all times. All at the lowest overall cost. 

No trouble with operating positions. Operation is assured at any angle. 
Rugged stub-tooth gears need no grease or oil. No trouble with operating 
conditions. All units are weatherproof... steam tight. No trouble even with 
installations. When used with floorstands they are completely wired at the 
factory ... ready to connect with your leads. Easy and simple to install. 

Get our new catalog ... Catalog 51 ...on Chapman motor units today. 


We've done one thing for you. Chapman's Motor Units . . . for operation : 


The Chapman Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 
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Great civilizations of the past 
— Egypt, Persia, Babylonia — 
_ waned when their water sources 
dwindled. 
It could happen to us.. . if 


we let it. 


Today, for example, America’s 
thirst for water is beginning to 
outrun its supply. Industry and 
homes use more and more water 

. . billions of gallons daily. 

Yet average annual rainfall 


“— History is written on water 


does not increase. And erosion 
of moisture-holding soil con- 
tinues. What can you do? 
Several things: encourage 
your water officials to plan in 
advance for necessary water 
facilities. Support realistic 
water rates and bond issues de- 
signed to increase your supply. 
And conserve where you can. 
The hour is late... 
past if you will do your part. 


but not 
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SERVES 
THE CENTURIES 


America’s population, productive co- 
pacity ond national prosperity keep 
growing. 

in more than 64 Americon cities 
this upword economic trend is en- 
couraged by on adequate water sup- 
ply and the cast iron water moins 
that hove corried it so efficiently for 
@ century or more. 

Cast iron's longevity and reliabil- 
ity mean continuing, economico! ser 
vice ...tox dollars soved that con be 
used to improve service still further 


Rely on Cast tron Pipe to 
carry America's Water 


Secramento, Col. installed 

iron woter main over 100 y 

it is still doing the job. Yet today's 
cast iron pipe, modernized and cen 
trifugolly cast, is even stronger, more 
durable 


Longer Lasting Gas Mains 


Pr 3s Company laid this 
co main more then 100 
yeors ago. It's still serving. 


For more than a century many 
American utilities hove used cast iron 
gos moins. They hove paid for them- 
selves many times over. Cast tron Pipe 
Reseorch Association, Thos. F. Wolfe, 
Monaging Director, 122 So. Michigan 
Avenue Chicago 3. 
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YES... History is written on water 


HELPING ALERT 
AMERICA TO THAT FACT 


We know what an effective job you are » doing — satisfying y your 
community’s ever-increasing need for water. 


We know too that the active support of a thoroughly alerted 
public is vital to the success of your work. 


To help enlist that support, Cast Iron Pipe Research Association 
is running a series of national advertisements* — one of which 


appears opposite. 


By alerting millions of Americans to the danger of our growing 
scarcity of water, such ads make your job of supplying it easier. 


Cast Iron Pipe Research Association, Thos. F. Wolfe, Managing 
Director, 122 So. Michigan Ave., Chicago 3. 


*Page ads in 4 ional klies and busi 
publications with 9 million combined readership. 


= 
“wv ncilled on pipe is the Registered 
A the Cast Iron Pipe Research Association. 
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DE LAVAL I boost pressure at peak loads 


ow teed in Port Washington, New York — 
CENTRIFUGAL PUMPS 


This De Laval two-stage horizontal split-case pump is 
one of a pair used to boost pressure during peak hours 
in the Port Washington, New York water works. Taking 
water from a large underground storage tank, these 
De Laval units maintain pressure throughout the system. Consulting 

The dependable centrifugal pumps are powered by Engineer: 
Caterpillar diesels with speed increasers; they deliver Angus D. Henderson — 
1500 gpm at 400 feet tdh with 15 feet lift requiring Westbury, 

185 bhp. Long Island, N. Y. 


De Laval 2I1S-2KS pumps are designed with « back- 
to-back impellers for balanced hydraulic thrust « easily 

replaceable threaded impeller wearing rings « long-life Floral Park 
labyrinth case rings ¢ ring-oiled ball bearings — plus Long island, N. Y. 
ten other important design features. They are available 
in sizes from 2 inch to 8 inch discharge, for capacities 
to 3000 gpm and heads to 750 feet. Write for Bulletin - 7 
1501 giving complete data. 


Contractor: 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 
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fer Trouble-Free Service 


ENDS OF THE LINE ut 


At the Main 


Installed with 
HAYS Model “B”’ At the Curb— 
Tapping Machine HAYS Curb Stops and 
or Drilling Machine HAYS Curb Boxes 


+ 


WATER SERVICE PRODUCTS 


For underground installations, only the highest 
quality should be considered . . . that’s why 
Water Departments all over the country have 
been using HAYS Water Service Products for 
over 80 years. 

aaa HAYS makes a complete line of Corporation 

CORPORATION “stop and Curb Stops conforming to all A.W.W.A. 
and SADDLE COMBINED Standards. 

Have you investigated the advantages of the 
HAYS DUO-STOP, (a combined Corporation 
Stop and Saddle) for safe and easy installation 
on small service lines? 

The HAYS Model B Tapping Machine, with 
aluminum alloy body, is ¥% lighter, easier to 
carry, easier and faster to operate, gives more 
MODEL “B” working room ... really designed for “the man 
TAPPING MACHINE in the ditch.” 


ROUNDWAY CURB STOP 


Write for literature or ask ‘The Man from Hays.” 


Join the A. W. W.A, 
HAYS is one of ans WATER WORKS PRODUCTS 

Charter Members of the 
Charter Members of ‘th HAYS MANUFACTURING CO. 


the American Water mn ERIE, PA 
Works Association. 


at. 
HAYS Corporation Stops 
or Duo-Stops 
By 
CORPORATION — 
- 
om 
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IN WITH THE NEW! “Century” Asbestos-Cement 
Pipe ready and able to replace more than 10 
miles of a metallic pipeline weakened by exter- 
nal corrosion for the Jefferson County Fresh 
Water District #1. Sabine Pass, Texas. 


Soil conditions led to the switch to non- 
corrosive “Century” Asbestos -Cement 
Pipe. Contractor: Hardin Construction 
Company, Houston, Texas. 


non-corroding! | 


Throughout the country more and more communities are relying on 
water mains of K&M Asbestos-Cement Pipe... made of asbestos 
fiber and portland cement. It resists corrosion, is non-electrolytic, two 
of the many advantages which make for durability. 

Pumping costs low and stable! There is no clogging to reduce flow 
and increase pumping costs with K&M Asbestos-Cement Pipe. It is 
‘non-metallic . . non-tuberculating. Its bore remains smooth and clean. 

Lower in initial cost! K&M Asbestos-Cement Pipe is light in weight 
—easily and inexpensively transported, stored and handled. 


KEASBEY & MATTISON ilies © AMBLER © PA. 


Write for complete details. 


: 

PER 
K&M “Century”® ASBESTOS-CEMENT PRESSURE PIPE 


ity after City 
after Year 
MAXIMUM REVENUE 

MINIMUM UPKEEP | 


STANDARDIZE ON 


ALMET WATER METERS ab. 
‘TODAY! 


MANUFACTURED BY 


WELL MACHINERY 
SUPPLY CO., INC. 


FORT WORTH, TEXAS 
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Higher Education Needs 


> 


Water,Tool! 


Le 

Columbia, Missouri, center for three institutions of 
higher learning, is one of the hundreds of Ameri- 


can cities, large and small, that relies on Layne. 


On any question that relates to water—exploration 
— wells — maintenance — drilling and pumping 
equipment, see Layne first. Unprejudiced advice is 


waiting without cost or obligation. 


LAYNE 


& BOWLER, INC. 


General Offices and Factory 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 
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H-800 Inserting Valve 
Sizes 4",6" and 8” 


P&R 21 


ADD GATE VALVES WITHOUT SHUTDOWN 


It is a simple matter to replace inoperable valves or to 
add needed control at vital points in your water system. 
The Mueller H-800 Inserting Valve may be installed in any 
existing line under pressure. Flow through the main is 
not interrupted and there is no loss of water. Gate valve 
mechanism is identical to Mueller A.W.W.A. standard 
gate valves with interchangeable parts. Once installed in 
line, valve is operated like an ordinary gate valve. 


4 
Write for the “how todo it’ story 


on Mueller Inserting Valves. 
It gives a simple step by step MUELLER CO. 
procedure for making the in- Dependable Since 1857 


stallation under pressure. MAIN OFFICE & FACTORY DECATUR, ILLINOIS 
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Ravaging Waters of 


New England Floods 
Reveal Rugged Strength of 


CAST IRON PIPE 


On a black night in August 1955, many communities were 
devastated by the most disastrous flood in New England history. 


In Winsted, Conn., the normally quiet Mad River ran wild. 
It ripped Main Street right out of the city, tearing away pavements 
and layers underneath to a depth of 8 to 12 feet, laying bare the 
vitals—the manholes, water, sewage and gas mains. One mile 
of 12’’ Cast Iron Pipe on Main Street, installed originally in 1895, 
and about 500 feet of Cast Iron Pipe on Lake Street, were com- 
pletely exposed. 


In spite of the brutal pounding of the raging waters, both lines 
remained intact throughout their entire length, although, in places, 
earth was washed out below them to a depth of several feet. 


During this flood catastrophe, Cast Iron Pipe showed once 
again, in city after city, its remarkable toughness and rugged > 
strength—two qualities that have helped make it known as _ 
“‘America’s No. 1 Tax Saver”’. 


Our Company does not manufacture pipe but has 
long supplied the nation's leading pipe manufac- 
ae turers with quality iron from which pipe is made. 


WOODWARD IRON COMPANY 


WOODWARD, ALABAMA 
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THE NATIONS No.1 SOURCE 


for dependable pipe line equipment 


» hundreds of Pollard customers. you'll find it mighty 
easant and convenient to order pipe line equipment from 
ard. 


e, under one roof and listed in one comprehensive cata- — 
are all the time and money saving products you need on 
he job. Each is guaranteed for dependability, economy. Each 
backed by Pollard service. 


MANHOLE CUSHION 


JOINT RUNNER 


MAKE POLLARD YOUR 
SOURCE FOR PIPE 
LINE EQUIPMENT. 
ORDER FROM 
POLLARD CATALOG 26 


M SCOPE PIPE FINDER 


CALKING TOOLS 


PIPE LINE EQUIPMEN Place your next order with POLLAR 


1064 Peoples Gas Building, Chicago, lilinols 


PE LINE EQUIPMENT 
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INDIVIDUALLY DESIGNED FOR EACH APPLICATION 


An effective installation that operates at the lowest cost per year 
requires experienced engineering evaluation of site and environmental 
conditions. The Electro Rust-Proofing Engineering Division makes 
available to you the cumulative experience gained in designing more 
than 10,000 cathodic protection systems. 


Electro Rust-Proofing can furnish any one, or all, of the following 
services to help you provide proper cathodic protection for each 
of your jobs: 

© Corrosion surveys and recommendations 

* Design based on engineering experience ; 

* Cathodic protection equipment and installation _ 

* Service to assure proper operating results = 


For additional information write today. a 


Rusr-Pnoorme 


CORPORATION 


CA 
e 30 MAIN STREET, BELLEVILLE 9, N. J. 
SINCE, 1935 
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THE INSIDE STORY 


before you 
any hydrant! 


Don’t buy blindly! Only in 
IOWA hydrants do you get 
full measure of such practical 
advantages as: (1) absolutely 
unobstructed waterway; (2) all 
internal working parts remov- 
able through top; (3) no special 
tools needed for maintenance; 
(4) no binding or distortion, 
always easily opened; (5) no 
freezing; (6) meet all A.W.W.A. 
specifications; (7) bell, flange 
or mechanical joint connections 
fit any existing or planned 
installation; (8) replacement 
parts always available. 


that’s why 

farsighted 
city officials 
choose to 


OWA 


VALVES AND HYDRANTS 


VALVE COMPANY 


A Subsidiary of James B. Clow & Sons, Inc. 
Oskaloosa, lowa 


= 
= 
yA 
for COMPLETE details, address: 


JOURN 


The Southern Ridge Water Company installed this 125,000-gallon 
Watersphere, for the City of Tulsa, Oklahoma. The Watersphere, 120 
feet to the top capacity line is used to provide dependable gravity water 
pressure in the Tulsa distribution system. 

Horton Ellipsoidal Bottom Elevated Tanks, Standpipes, Reservoirs and 
Radial Cone Tanks are also available to meet your water storage re- 
quirement. 

Write our nearest office for an estimate or information. 


CHICAGO BRIDGE & IRON COMPANY. 


Plants in Birmingham, Chicago, Salt Lake City and Greenville, Pa. 
BIRMINGHAM CHICAGO TULSA BOSTON SOUTH PASADENA 
PHILADELPHIA NEW YORK DETROIT SEATTLE SALT LAKE CITY 
SAN FRANCISCO HOUSTON ATLANTA’ CLEVELAND PITTSBURGH 


In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. EOE. 


26 PER 4 iWWA 
U 7 
Valersmhenre Senues Tulsa 
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Huge WHEELER-ECONOMY 
AXIAL FLOW PUMPS 


Designed to Establish a Syphon 
in Pioneer Application 


at Donaldsonville, La. 


‘o establish water supply from the Mississippi River to the 
vast area of Bayou La Fourche, required the utmost in- 
enuity and cooperation between the State of Louisiana 
ngineers and Economy Pumps engineers. Three 42” x 48’ 
Wheeler-Economy AFV Axiai Flow Pumps were selected to 
lo the job. Design capacity is 45,000 GPM at 17’ TDH. But 
when these pumps operate as a syphon they move 65,000 
GPM. Motors are 250 HP operating at 514 RPM. Pumps in 
operation run 24 hours a day. 

It is believed this is the first application of pumps of this 
jesign to pass such a high volume of water on the syphon 
srinciple. Infinite care in planning and construction is typi- 
fied by the exact length each pump had to meet—51'% "’ from 
underside of mounting plate to end of suction bell. Moreover, 
every increment assembled in the field had to be made air- 

= by skilled Wheeler-Economy specialists to make pos- 
sible the necessary vacuum. 

Success was largely assured by Wheeler-Economy’s ex- 
tensive manufacturing facilities in Philadelphia. Here, in one 
of the largest test pits in the industry, witness tests were 
made by the State of Louisiana and the contractor to prove 
pump performance before deliver 

You, too, can rely on Wheeler- _ for help on com- 
plex pumping problems, dependable delivery oa perform- 
ance that lives up to promise. 


LER MANUFA 


32, PA 
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 'WHEELER-ECONOMY PUMPS 

ECONOMY PUMPS. INC DIVISION OF C. H. WHEE TURING CO - a 
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The water supply for thousands of people may depend upon 
a few large valves which must be reliable. Only a huge, spe- 
_ cially equipped foundry, backed by giant tools, in a modern 
precision machine shop can supply this dependability. Ludlow 
has been the headquarters for large valves for nearly a Century. 


LONG LIFE and. DEPENDABILITY are built in. Ludlow 
Valves are fully bronze mounted. The two piece wedging 
mechanism is simple and rugged. The double disc parallel seat 
construction results in a wiping action that cleans the seats 
during the closing operation. The stems are special high censile 
strength Ludlow manganese bronze with precision cut modified 
acme threads. 


“NO POSSIBLE DIFFERENCE IN FIRST COST CAN 
OVERBALANCE THE PERPETUAL ECONOMY OF QUALITY.” 


FIRE HYDRA 
TAPPING 


‘ 
| 72 
— [Jp 70 LUDLOW 
kim - 
— VALVE MFG. CO., INC. troy,N.y. 
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This is the hydrant that has been the standard of excellence 
in hundreds of cities for many years. Inspectors, maintenance 
_ men and fire chiefs, all have their reasons for endorsing the 

Rensselaer Corey Hydrant. 

The illustrations show the clear-flow design which insures 
low head loss and maximum flow. Maintenance men like the 
simplicity of design and the speed of removing, inspecting and 
replacing the working parts as a single unit. 
This hydrant opens with the pressure, is easy to operate and 
cannot stick. No digging for repairs, or for standpipe breakage. 


Now available with any type connection and “O” Ring seal. 
18 


for 


ensselaer 


VALVE CO. TROY, NEW YORK 


DIVISION OF 
THE LUDLOW VALVE 
MANUFACTURING CO., INC. 
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Interior, filter plant pipe 
gallery: RAMUC Utility 

Enamel safeguards piping, 

walls and ceilings. i q 


118’-high automatically operated water 
intake and pumping station. Interior 
walls, ceilings, valves, etc., protected and 
beautified with RAMUC® Utility Enamel. 
Attractive GLAMORTEX® Enamel guards 
exterior steelwork. 


INERTOL® PAINTS GUARD 
REMOTE CONTROL PUMPING STATION 


AT CLEVELAND, TENNESSEE’S unique new 
Water Treatment Plant, a push-button in 
the filtration plant starts and stops opera- 
tions in the pumping station five miles 
away. All other functions are automatic. 
A minimum of maintenance is required. 


INERTOL coatings contribute to this 
cost saving because they work for years 
without maintenance. Consulting Engi- 
neers Wiedeman and Singleton, Atlanta, 
Ga., specified INERTOL 100% for both 
filter plant building and pumping station. 
They've specified INERTOL since 1939. 


Buy INERTOL paints direct from the 
manufacturer. Shipment within three 
days. Write today for free booklet J-754, 
“Principal Types of Protective Coatings.” 


SPECIFICATIONS FOR RAMUC UTILITY ENAMEL 
A glossy chlorinated natural rubber-base 
coating in color for nonsubmerged con- 
crete, steel and indoor wood surfaces. 


(Needed on steel only where surfaces are 
subjected to heavy condensation and are 
almost constantly wet or subjected to 
chemical fumes. In all other cases use 
GLAMORTEX Enamel, excellent alkyd- 
resin coating in color.) 


Steel Surfaces. Colors: Color chart 560. No. of 
coats: 3 over primer. Coverage: 300 square 
ft. per gal. per coat. Approx. mil thickness per 
coat: 1.2. Drying time: 24 hours. Primer: Shop 
Primer —INERTOL Rust-inhibitive Primer 
No. 621; Field Primer —INERTOL Quick- 
Drying Primer No. 626. Thinners: INERTOL 
Thinner No. 2000-A, for brushing; No. 
2000, for spraying. Application: Brushing: 
RAMUC Utility Enamel — brush type: as 
furnished. Spraying: RAMUC Utility Enamel 
—spray type: add sufficient Thinner 2000 
to secure proper atomization. 


(Write for RAMUC specifications for con- 
crete surfaces, and for GLAMORTEX speci- 
fications for steel and indoor wood.) 


4 Princo A complete line of quality coatings for sewage, industrial wastes and water plants. 
INERTOL Co@Q., Inc. 


484 Frelinghuysen Avenue, Newark 12, N. J. 


27-G South Park, San Francisco 7, Calif. 
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to a lot of tank problems 


American has been building tanks of many ion, 7 


pressure vessels and storage reservoirs for a third 
of a century. This great store of experience in the 
design, fabrication and field erection of these prod- 
ucts has resulted in carefully engineered custom 
fabricated units at the lowest possible cost. Facil- 
ities, experience and personnel have made Amer- 
ican outstanding in the field. Job-timed delivery 
eliminates costly construction delay. 


You'll find it easy, profitable and pleasant to do 
business with American. 


Write or phone to have an American sales engi- 
neer help you plan your next job. 


518 N. E. Columbia Blvd. _— Portland 11, Oregon 
BUtler 5-2531 


Los Angeles Hayward San Diego Phoenix 
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WALLACE & TIERNAN 


\ JEXOTC 


CHLORINATORS 


V-notch Chlorinator 
otameter indicator 


10 to 1 feed range 


A-712 V-notch Chlorin 
has dial indicator 
20 to 1 feed ra 


With the new Wallace & Tiernan V-notch Variable-Orifice 7 : 
Chlorinators: 


OPERATION IS SIMPLIFIED as one injector control starts or 
stops the unit. Chlorine gas is turned on or off automatically. 
SETTING FEED RATE IS SIMPLIFIED as one contro! sets feed 


rate precisely at both high or low feeds. 


INSTALLATION IS SIMPLIFIED as units are shipped ready for 


operation. No water supply is needed at the chlorinator. A remote 
injector uses only standard water supply fittings. 


MAINTENANCE IS SIMPLIFIED and virtually eliminated. All 


parts are corrosion resistant, mounted in an attractive modern cabinet. 


For full details on manual or automatic proportional V-notch 
Chlorinators, contact your W&T representative, or write to the address 


A New Development from Wallace & Tiernan Research 


WALLACE & TIERNAN INCORPORATED | 


2S MAIN STREET, BELLEVILLE 9, NEW JERSEY 


$-112 
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‘Water Supply Development in 


LD 


the St. Louis Area 


Panel Discussion 


A panel disc “ite sei on May 7, 1956, at the Dimond Jubilee 


Conference, St. Louis, Mo. 


The Area’s Water Resources—Charles M. Roos 


A paper presented by Charles M. Roos, Cons. Engr., 
Lous & 


formerly Mgr., East St. 


Louis, Ill. 


HE St. Louis Metropolitan Area is 


regarded as including St. Louis, 
the three adjoining counties in Mis- 
souri, and three counties on the oppo- 
site side of the Mississippi River in 
Illinois (see Fig. 1). This comprises 
a total population of nearly 2,000,000. 
St. Louis and St. Louis County are 
separate political entities. This metro- 
politan area is that in which the Bi- 
State Development Agency, by special 
acts of the Missouri and Illinois legis- 
latures and by Congress, has been au- 
thorized to function. The organization 
of this agency was patterned after that 
of the Port Authority of New York. 


Water Supply 

The Mississippi, Missouri, Illinois, 
and Meramec rivers provide the area 
with an almost inexhaustible supply of 


Belleville, Iil., 
Interurban Water Co., East St. 


water of excellent quality for domestic 
and industrial uses. The average rate 
of flow of these rivers for the past 18 
years, computed on a monthly basis, 
has been more than 100 bgd. The ten — 
public supply intake pumping stations 
within the area, all located on the © 
rivers, provide water for a daily de- 
mand of approximately 340 mil gal. 
In addition to the unfailing surface 
supply from the rivers, ground water 
of year-around low temperatures is 
available, suitable for cooling purposes 
and certain other industrial uses. Four 
ground water producing sections are 
located within the area, with wells ap- 
proximately 100 ft in depth; they are 
the American Bottoms, the Missouri 
Valley, the Meramec Valley, and the 
Alton Lake sections, comprising a total 
of about 400 sq miles. A total of ap- 
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proximately 130 mgd is now being 
pumped from the wells, all but about 
7 mil gal of which is for industrial uses. 
Most of this ground water is being 
taken from the American Bottoms, 
located just east of the Mississippi 
River. 

The Upper Mississippi River system 
drains about 23 per cent of the land 
area of the United States. If Mar- 
quette had not made his error, calling 
the Missouri River a tributary of the 
main stream rather than the actual 
upper Mississippi River, the Father of 
Waters would be the longest river in 
the world. The combined length of 
the Mississippi and Missouri rivers is 
5,450 miles, of which 4,461 are 


navigable. 


Geologic Glance 


During the long geologic past, the 
Mississippi River scored a channel 
southwardly through what is now the 


a A paper presented by Stephen C. 
East St. Louis, Ill. 


Interurban Water Co., 


Each day when the river gage at St. 
Louis is at zero, sufficient water will 
flow under the historically famous Eads 
Bridge to supply each of the 160,- 
000,000 people in the United States 
with 210 gal of water. About one-half 
of this water is from the Upper Mis- 
sissippi and one-half from the Mis- 
souri, which joins the Mississippi 
about 15 river miles upstream from 
Eads Bridge. (Eads Bridge was the 
second railroad bridge to be built over 
the Mississippi; the first was at Rock 
Island, Ill.) 

Across the Mississippi, in the area 
east of the river in southwestern IlIli- 
nois, there is an area, known locally 


= STEPHEN C. CASTEEL 


East St. Louis, Ill.—_Stephen C. Casteel 


Casteel, 


Jour. AWWA 


St. Louis Metropolitan Area. Cutting 
through Pennsylvanian and Mississip- 
pian limestone and shale, the channel 
reached an average depth of more than 
150 ft, with a maximum width of 11 
miles. The river now occupies a chan- 
nel of less than 1 mile in width, and 
the remainder of the huge basin is filled 
to a depth of about 100 ft with water- 
bearing alluvial sediment. 

From east to west, there is a con- 
sistent upward slope of the non—water 
bearing underlying consolidated rock 
stratum, which goes to a great depth. 
The slope of this stratum is caused by 
the Ozark Uplift and explains why 
ground water in the area above the St. 
Peter Sandstone, except in very limited 
quantities, can be obtained only in the 
alluvial deposits in the river valleys. 
In the St. Louis area, water from the 
St. Peter sandstone is too highly min- 
eralized for use and is commonly re- 


ferred to as salt water. 
es 


Lous & 


Mgr., East St. 


as the American Bottoms, which lies 
in portions of Madison, St. Clair, and 
Monroe counties within the valley bot- 
tom, as shown in Fig. 2. The Ameri- 
can Bottoms are approximately 30 
miles long and have a maximum width 
of 11 miles; they cover an area of about 
175 sq miles. In addition to its prox- 
imity to the river, this area is endowed 
with a plentiful source of 60°F ground 


water, which, of course, is attractive 
to industries requiring large volumes 
of water for process work. poe 
Public Water Supplies “ 


lies at the northern ex- 
Bottoms. 


Alton, IIl., 


tremity of the American 
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Alton Lake A 


Louls County 


City of St. Charles 


Plant East St. Louis 


Water Co. Plant 


State of Missouri 


St. Louis Count Plant 


entral Plant 4 
| 


Se 


State of Illinois 


City of St. Louis 
Howard Bend Plant 


St. Louis County 
South Plant 
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Fig. 1. Water Resources in the St. Louis Metropolitan Area 


Aeramec 
Valley 
Area 


V 


The white circles indicate surface supply intake stations; white circles with single x 

indicate industrial surface supply intake stations; and white circles with double x 

indicate public supply from radial-collector wells. Cross-hatched area indicates areas 

served by public water supply. Population for the area is nearly 2,000,000, the area’s 

public surface supply consumption is approximately 340 mgd, and the industrial ground 
water consumption ts approximately 123 mgd. 
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The Alton Water Company serves 
Greater Alton, with its population of 
65,000, including the villages of Brigh- 
ton and Godfrey located in the upland 
area. About 8 mgd from the Missis- 
sippi is treated, and delivered by this 
operation. 

Immediately adjacent to Alton is 
East Alton, with a population of 7,500. 
The water utility serving the village 
also supplies a large industrial facility. 
The daily supply for these users con- 
sists of 1 mil gal of ground water and 
5 mil gal of treated surface water. 

South of East Alton are Wood 
River, Roxanna, and Hartford, with a 
combined population of 15,000. The 
largest of this group is Wood River, 
a town of 10,500 population, with five 
wells which deliver an average of 1 
mgd to the community. From this 
bottom area, three wells provide water 
to Bethalto, located in the upland area 
and having a population of 2,200. 

Several oil refineries at Wood River 
and Roxanna use large quantities of 
both surface and well water in their 
extensive operations. About 15 mgd 
of surface water and 23 mgd of ground 
water are used for these operations. 

The city of Edwardsville, with a 
population of 9,000, is located in the 
upland area. It is served from a 
ground water plant at Poag, located 
about 5 miles from the city. Three 
wells deliver an average of 750,000 gpd 
of treated water. During 1954, for a 
period of 30 days, this plant delivered 
by tank truck 250,000 gal each day to 
the village of Highland, IIl., when 
the village supply was practically ex- 
hausted because of drought conditions. 
This required a road haul of 16 miles 
to furnish the stricken village with suf- 
ficient water to meet its essential needs. 

Collinsville, a city of 12,000 popula- 
tion, and the villages of Troy (popula- 
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tion 1,300), Glen Carbon (1,200), and 
Maryville (600), are located in the 
upland area but receive their water — 
supply from wells in the American 
Bottoms. Collinsville, with four wells, 
delivers an average of 1.5 mgd. 
Directly across the river from St. 
Louis is the largest city in the area 
being described. East St. Louis, Il, 
with a population of 90,000, has a 
trading-area population of over 120,- 
000. The East St. Louis and Inter- 
urban Water Company serves all the 
towns and villages shown in Fig. 2, 
except those previously described, and | 
several additional towns and villages — 
in the upland area. In the American 
Bottoms area, the cities served include : 
Nameoki and Granite City (now com-_ 
bined), Madison, Venice, Brooklyn, 
National City, Fairmont City, Wash- 
ington Park, Caseyville, East St. 
Louis, Monsanto, Cahokia, Dupo, Ez 
Carondelet, and Columbia. The cities 
and villages served in the upland area, 
which is approximately 200 ft higher 
in elevation, include Belleville, Swan- 
sea, O’Fallon, Shiloh, and Scott Air 
Force Base. During 1955, an average 
of 36 mgd was delivered into this inte- 
grated system from two main pumping 
and purification plants located in East 
St. Louis and Granite City, Ill. The © 
source is the Mississippi River. Ss 
A considerable concentration of in- 
dustry prevails in the area. Approxi-— 
mately 6,430 mil gal, or 51 per cent of 
the total delivery in 1955, was used by 
industry. In addition to the surface Le 
water requirements, much of the in- 
dustry uses a considerable quantity 7 
ground water. For example, a steel 
mill uses about 1 mgd from the utility 
system and 30 mgd of ground water 
for quenching, cooling, and other pur- 
poses. The packing-house district, 
which includes several large opera- 
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tions, takes 5 mgd from the utility and 
uses 15 mgd from wells. A _ large 
chemical plant, in addition to 6 mgd 
_ from the utility, uses 8 mgd irom wells. 


use of surface water and posi water 

serve to emphasize that, in the Ameri- 
can Bottoms, industry has water not 
only but of a character 
to meet its specific needs. The river 
provides a limitless source for surface 
waters, and the use of ground water is 
now estimated to be 100 
mgd. The area is capable of produc- 
ing a still greater yield, if necessary. 


in abundance 


well over 


A number of reports have been made 
on the American Bottoms area. One 
of the earliest was made by the Illinois 
State Geological Survey in 1907. 
cent surveys include the following: 


Ground Water Recharge 


Re- 


1. In 1953 an excellent report was 
made by Jack Bruin and H. F. Smith, 
of the Illinois State Water Survey 
(1). This report stated: 


Since 1941, there has been no general 
recession of water levels except within 
‘the influence of the three areas of con- 
centrated pumpage and in National City, 
_ where some lowering has been caused by 

pumpage. 

_ The lowering of ground water levels 

within the zones of influence of heavy 
_ pumpage has not caused any serious de- 
pletion of the ground water resources. 


2. A recent investigation (2) by 
Bergstrom and Walker of the State 
Geological Survey was completed in 
1956. The following is taken 
their report: 


from 


_ The principal means of recharge of 
_ ground water in the valley fill are seep- 
age from rainfall and floods, and percola- 
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tion from the Mississippi River and its 
tributaries. Rainfall is probably the most 
important source for the area as a whole, 
although where heavy pumpage is con- 
centrated near the river the recharge 
from the river itself is undoubtedly great. 

Despite the present heavy industrial 
ground water consumption, it is likely 
that much more ground water could be 
available if industrial expansion takes 
place in favorable but unexploited areas, 


particularly near the river where re- 
charge might be induced. 
Conclusion = 


A population of 50,000 in ten towns 
and villages located in the bottom and 
upland areas are supplied with ground 
water from the American Bottoms. 
More than 300,000 people residing in 
26 towns and villages are furnished 
with surface water. 

The area described is one of the 
great industrial centers of this country, 
and the abundance of water is one of 
the principal reasons for this concen- 
tration of diversified industry. 

Much greater expansion is still pos- 
sible in the area. In the American 
Bottoms, in addition to water, there 
are available all of the facilities neces- 
sary for industrial expansion, including 
land, transportation, and electric power. 
Also, because the area is at the cross- 
roads of the nation, raw materials and 
markets for the finished product are 
comparatively close. 
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vheagl paper presented by John B. Dean, Div. Engr. in Charge, Supply ab we 


& ~Purifying Sec., 


Within the city of St. Louis, water 
is available from the Mississippi River, 
from wells, and from the mains of 
the municipally owned water system. 
Many of the manufacturing plants and 
available plant sites are located adja- 
cent to the river, which forms the east- 
ern boundary of the city. Plants at 
these locations can obtain water from 
the river for use with or without treat- 
ment. One utility is now using river 
water for cooling condensers and a 
wewery and a paint manufacturer are 
treating it for use in their plants. The 
umount of river water available for 
such purposes is more | ee could mone 
sibly be used. 


Wells 


Formerly, water was obtained from 
wells within the city to a much greater 
extent than at present. There were 
ipproximately 40 wells, varying from 
200 to 3,880 ft in depth, that were 
lrilled into rock. The water from a 
arge percentage of these wells was so 
nineralized that it could not be used 
or drinking. Generally, the shallower 
wells were more likely to produce 
resh water than the deeper ones. 
Nearly all of the wells in the city have 
een abandoned, probably because they 
iave become polluted and because the 
‘ity supplies water at a very reason- 
ible rate. 

The temperature of well water in 
his vicinity is approximately 60°F 
throughout the year, whereas the tem- 
perature of city water varies from 35° 
to 87°F. In cases where water 
1eeded for cooling, the use of well 
water during summer months would 
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seem to be desirable, and, for plants 
located on bottom land, the construc- 
tion of radial-collector wells or smaller 
wells cased with precast concrete cyl-_ 
inders might be economically justified. 


City Mains 


St. Louis obtains water from the 
Missouri River at Howard Bend and_ 
from the Mississippi River at Chain of 
Rocks. The amount obtainable from 
the Howard Bend Plant is limited to 
120 mgd by the capacity of the two 
60-in. coduits conveying water to the 
city. At this rate of operation there 
are a raw-water pump and a high- 
service pump, each of 60-mgd capac- 
ity, standing by. The capacity of the— 
Chain of Rocks Plant, with all of the 
high-service pumps in use and a 35- 
mgd raw-water pump standing by, 
would be 220 mgd. The total capacity | 
of the entire system for meeting peak 
demands is 340 mgd. 

A review of the records shows that 
during the last 15 years there has been 
a fairly uniform yearly increase of 
3 mgd in the average daily consump- 
tion. Similarly, from 1941 to 1952, 
the average annual increase in the 
maximum daily consumption was ap-— 
proximately 3 mgd, but, between 1952 
and 1955, it increased from 213 to 
283 mgd. During the fiscal year end- 
ing April 1956, it dropped to 269 mgd. 
This enormous increase in the maxi-— 
mum daily consumption is thought to 
be caused by excessive use of water for 
sprinkling and air conditioning during 
the hot dry weather that occurred dur-— 
ing the last 4 years, and this curve > 
may level off in the future. Fortu- 
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nately, there are two reservoirs in the 
distribution system which take care 
of the hourly fluctuations and carry 
over the peak daily demands to the 
weekends, when the reservoirs can be 
filled. After the new  high-service 
pumping station at Chain of Rocks and 
the new pressure conduits to Baden 
and Bissell’s Point are completed in 
1961, there will be a firm capacity of 
420 mgd available. 

Because the city limits are fixed and 
most of the space suitable for residen- 
tial use is built up, increases in de- 
mand are expected to result mostly 
from increased use by manufacturing 
plants. Data supplied by the City 
Plan Commission indicates that avail- 
able factory sites of more than 3 acres 
each total over 2,000 acres, which fall 
roughly into three groups as follows: 
400 acres in south St. Louis, between 
Gravois Avenue and the river; 300 
acres in the central part of the city, 
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mostly along Mill Creek Valley; and 
1,300 acres in north St. Louis, mostly 
along the river front. By laying mains 
for short distances, the amount of wa- 
ter required in each of these areas can 
be readily supplied from existing large 
mains. 

One of the conduits from Howard 
Bend Plant terminates approximately 
in the center of the first area, and three 
20-in. mains are laid to the vicinity 
where most of the property is located. 
Mill Creek Valley, in the second area, 
is crossed by a 60-in. conduit, a 36-in. 
main, and two 30-in. mains at points 
near the factory sites. 

The third area can be supplied from 
the pumping stations at Baden and 
Bissell’s Point, which are in the vicin- 
ity of this undeveloped property. 

It is the author’s opinion that, ex- 
cept in cases of catastrophe, all users 
of water within the city will be sup- 
plied with the amount of water needed. 


A paper presented by W. Victor Weir, Pres. and Gen. Mgr., St. Louis 


County Water Co., University City, Mo. : 


St. Louis County is almost  sur- 
rounded by an unlimited supply of 
good surface water. The Missouri 
River is on the northwest and north 
sides and the Meramec River is on 
the southwest and south. The Missis- 
sippi River is the county’s eastern 
boundary north and south of the city 
of St. Louis. As it passes St. Louis, 
the Mississippi receives industrial 
wastes in large quantities from both 
sides of the river. South of St. Louis, 
therefore, the river is not suitable for 
public water supply uses; the sanitary 
wastes of practically the entire metro- 
politan area have been dumped, un- 
treated, into the river. Ground water 


supply exists only in the very western 
part of the county and in the alluvial 
plains of the Missouri and Meramec 
Rivers. 


Resources 


of the water 
resources are 


From the viewpoint 
works industry, water 
good. There is ample surface water 
available and the basic quality is ex- 
cellent. From the viewpoint of the 
citizen or local industry, however, the 
fact that there is a large supply of 
water within 9 miles of any point in 
the county matters very little. He is 
concerned only with the availability of 
water at his particular location, and 
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he doesn’t care if the Missouri flows 
2}, 41, or 580 bil gal daily, which are 
the minimum, average, and maximum 
flow figures. He wants to know 
whether he can get 10 gpm at his house 
or 1,000 gpm at his factory when he 
wants water. Those are the figures 
and the water resources that interest 
him. 

In talking about water in St. Louis 
County, therefore, the most important 
questions concern the resources of the 
water utility—finances, personnel, and 
policy. Generally, the same situation 
prevails elsewhere in the country. The 
Missouri River, or Lake Michigan, or 
Lake Erie, or the Hudson River, may 
be within a gunshot, but the resources 
which are responsible for supplying 
water service are those of the utility 
serving the area. 


History 


St. Louis County, prior to 1875, was 
an area of 534 sqmiles. In 1875, by 
a special act of the legislature, the city 
of St. Louis withdrew from the county. 
The limits of the city then embraced 
all the rural area which was thought 
necessary for the ultimate growth of 
the city. This area, covering 61 
sq miles, was practically saturated in 
the 1930’s, and most of the area’s popu- 
lation growth took place in the county 
after that time. 

There are now 96 incorporated mu- 
nicipalities in the county. The popula- 
tion, which was 274,000 in 1940 and 
406,000 in 1950, is now estimated at 
600,000. There were only twelve cities 
in the United States with populations 
exceeding 600,000 in 1950. Although 
the county comprises only about one- 
third of 1 per cent of the national 
population, the housing starts in St. 
Louis County for several years have 


approximated 1 per cent of national 
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housing starts. These have been prin- 
cipally single-family dwellings ; despite 
a surge of industrial development in 
recent years, the area is still predomi- 
nantly residential. 

Terrain in the county is very rolling. 
The ridges between the three rivers 
are 250-330 ft higher than the river 
bottoms and the area is broken by the 
valleys of numerous creeks. Popula- 
tion growth has taken place over the 
entire area, however, with no regard 
to elevation. 

The principal water utility in the 
county is the St. Louis County Water 
Company. It supplies directly more 
than 126,000 customers and provides 
wholesale supplies to the cities of 
Webster Groves and Florissant and to 
one water district. These three sys- 
tems in turn supply more than 14,000 
customers. Webster Groves obtains a 
part of its supply from St. Louis. 
Kirkwood, the only large city with its 
own plant near the Meramec River, 
gets part of its peak requirements from 
the St. Louis County Water Company. 

The rapid population growth since 
the last national census has added 190,- 
000 to the county population. In 1950, 
there were only 50 cities in the nation 
with a population larger than the popu- 
lation increase, itself, in St. Louis 
County for the last 6 years. It is as 
if all the people in Salt Lake City or 
Des Moines or Hartford or Grand 
Rapids or Nashville had left their 
homes and moved into St. Louis 
County after 1950. 

These new citizens did not all con- 
nect to existing mains. In the last 
6 years the St. Louis County Water 
Company has installed 535 miles of 
pipe, 4,000 fire hydrants, and has in- 
creased its plant capacity by 72 mgd. 
It has spent nearly $23,000,000 while 
getting 47,000 new customers. This 
is $490 per new customer. 
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In 1952 the country moved into a 
_ period of prosperity. That same year, 
- however, marked the beginning of a 
severe drought in the area, which lasted 
for 3 years. 
In spite of a 20 per cent increase in 
water rates (the first increase in the 
_ history of the St. Louis County Water 
_ Company ), the customers wanted more 
water per customer than they had ever 
wanted before. The result was that 
te water resources, as far as the cus- 
tomers were concerned, were not what 
had been expected. The peak day was 
24 per cent greater than the peak day 
, in 1951. It was necessary to curtail 
a _ sprinkling of lawns in the afternoons 
of hot days. By the summer of 1953, 
of plant and mains had been 
increased by 23 per cent, but so had 
demand. Again, sprinkling restrictions 
were necessary for a short period. By 
the summer of 1954, capacity was in- 
creased by 35 per cent over the 1953 
maximum day. This time, however, 
demand lagged behind slightly, increas- 
ing by only 33 per cent. Sprinkling 
restrictions were invoked in three cities 
having their own distribution systems, 
but not in the county system. In 1955 
no difficulty was experienced. A 36- 
mgd plant added in 1955 was not ac- 
tually needed. In 1956, a 15-mgd plant 
unit will be added to the St. Louis 
County Water Company. No short- 
ages are anticipated, even though the 
"very worst of drought conditions occur. 
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- County Water System Resources 


As has been stated, the water re- 
sources of the residents depend upon 
the resources of the utility. Some of 
those resources at the St. Louis County 
Water Company are as follows: 

Adequate personnel. Of 385 em- 
ployees on the payroll, approximately 
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220 are involved in construction work. 
The other 165 employees are engaged 
in operation and maintenance. 

Alert management. It is not enough 
for management to keep up with the 
problems of today; it must keep ahead 
of the problems of tomorrow. This is 
similar to the game of chess, in which 
a player is not concerned only with his 
opponent’s last move, but also with 
what his opponent will do in the next 
couple of moves. 

Ability to act quickly. Although the 
necessity of spending up to $75,000,000 
in the next 15 years can be foreseen, 
it is not known just where the money 
will be used in the service area, which 
now covers more than 200 sq miles, 
and which may cover 300 sq miles 15 
years from now. Subdividers move 
quickly and independently, the 
utility has to follow them with the fa- 
cilities to deliver water. Fortunately, 
there is no waiting for elections on 
bond issues, and there is no problem 
of getting favorable commitments for 
large sums when no emergency faces 
the citizens. 

Adequate financing. Expansion to- 
day costs much more than it did 10 or 
15 years ago. The St. Louis County 
Water Company expects that it may 
have to spend as much as $75,000,000 
between now and 1970, when the 
county population may exceed 1,000,- 
000. Money must come from bank 
loans, bonds, and stock. The water 
company’s credit is good, however, and 
the stockholder understands the prob- 
lems involved in providing water fa- 
cilities for a rapidly expanding com- 
munity. The need for money for 
improvements has meant that no divi- 
dends have been paid in 15 years. 
This has been a prime factor in finane- 
ing the system’s growth along with, 
and ahead of, the population. 
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Financial strength. Many water 
customers will say that an eagerness 
to keep a utility financially strong is 
not a resource, because it requires ask- 
ing for higher water rates when they 
are needed. It may not be popular to 
ask for higher rates, but it is necessary 
if good, rather than fair or poor, serv- 
ice is to be rendered. Enlightened 
customers agree that the difference be- 
tween good and poor service is worth 
more than 1—3 cents a day per family. 
The fortitude needed to ask for an un- 
popular rate increase so the utility will 
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be in position to render good service 
during the next summer’s drought, or 
during some future emergency, is in- 
deed a resource which the community 
deserves. 


Conclusion 


As a whole, the water resources 
available to utilities in St. Louis County 
are ample. The resources available to 
process and deliver the water to the 
customers, now and in the future, are 
excellent. 


rar A paper presented by William B. Schworm, Sr. Chem. Engr., Howard Rhy 


Station, St. Louis Water Div., Chesterfield, Mo. 


On a visit to St. Louis in the latter 
part of the 19th century, Mark Twain 
remarked that the reason the hotels 
of the city furnished a half dozen cakes 
of soap with each bath was because 
once the soap slipped out of your hand 
there was no use looking for it. Some 
improvements have been made in qual- 


ity since then. 


Surface Supplies 


Most of the water purified in the 
plants of the metropolitan area is 
drawn from surface supplies. Because 
the city is located on two of the great 
rivers of the world, quantity is not a 
problem. These rivers have wide sea- 
sonal variation in turbidity, color, and 
dissolved solids, and, considering the 
vast drainage area, the raw-water qual- 
ity is quite unpredictable. This com- 
plicates the operation of the plants of 
the vicinity, requiring a close super- 
vision of all phases. The operators’ 


jobs are therefore both fascinating and 
challenging. 


The quality of the Missouri and 
Mississippi Rivers is changing. This 
may be because of dams, the prolonged 
drought, and other factors. The Mis- 
souri, particularly, has shown a marked 
reduction in suspended load. It and 
the Mississippi are carrying an in- 
creased burden of pollution, both sani- 
tary and industrial, which was not ap- 
parent a few years ago. The pollution 
is particularly noticeable during the 
winter months, when stages are lowest 
and ice is present. 

The presence of pollution means an 
increase in the use of expensive chemi- 
cals, such as activated carbon, and 
larger doses of chlorine and chlorine 
dioxide. This, of course, increases 
the cost of purification for the removal 
of tastes and odors, making them out 
of all proportion to the cost of soften- 
ing and turbidity removal. 


Water Plants 


Although the plants of the vicinity 
are scattered, they are all using the 
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same water, with the exception of the 
Kirkwood Plant, the Valley Park Plant, 
and the South Plant of the St. Louis 
County Water Company, all of which 
are located on the Meramec River. 


_ This is a relatively small stream of 


limited drainage area which is quite 


_ clear most of the time, but easily upset 


by local rainstorms. 

All of the plants in this area use 
chemicals to coagulate or soften, or 
both. These may consist of various 
combinations of lime, ferrous sulfate, 
ferric sulfate, and aluminum sulfate. 
_ Although the Chain of Rocks Plant 
* located on the Mississippi River, it 


is only a short distance below the con- 


fluence of the two rivers, the waters of 
which are not there thoroughly mixed. 
The plant therefore treats water that 
comes mainly from the Missouri. 
Treatment consists of softening with 
lime and coagulation with ferrous sul- 
fate and alum. The quality of the 
effluent from this plant is about the 
same as from the two St. Louis County 
plants and the St. Louis City Howard 
Bend plant, which are all located on 
the Missouri River. 

A study of the results of mineral 
analysis from the four plants will show 
similarities in both raw and _ finished 
water. All reduce the hardness by 
about 50 per cent with lime, producing 
a water of 100 ppm hardness, as cal- 
cium carbonate. 

The two plants of the East St. Louis 


Interurban Water Company, lo- 


cated on the eastern bank of the Mis- 


-sissippi, face a far more complex prob- 


lem. Here, industrial pollution not 
present on the western side of the river 


_ requires formidable chemical charges to 


_ produce a satisfactory effluent. Treat- 
- ment consists of heavy doses of alum 


with some lime, followed by activated 
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carbon and chlorine dioxide for taste 
and odor removal. 

It is obvious, of course, that all the 
plants use chlorine and ammonia in 
various combinations for disinfection. 

Of the three plants on the Meramec 
River, only two are presently in op- 
eration. The new St. Louis County 
Water Company’s South Plant will not 
be in full operation until later in 1956. 
Of the two that are in operation, the 
larger Kirkwood Plant is the more im- 
portant. Drawing its supply from a 
radial-collector well, it reduces the ini- 
tial hardness of 260 ppm to about 120 
ppm. The initial turbidity is but 3 
ppm, whereas water taken directly 
from the river would run considerably 
higher. 

The bacteriological quality of the ef- 
fluent from all plants in the area which 
produce water for domestic use sur- 
passes the USPHS standards for 
water for interstate use (7). This is 
not always easily achieved. During 
the flood of 1951 some of the cities in 
the area had their clear basins and 
gravity flowlines under several feet of 
river, and, as most of the plants are 
located in the floodplain, precautions 
must be taken to insure that such con- 
ditions are not repeated. 


Industrial Plants 


There are three industrial water 
plants in the metropolitan area which 
have been designed for the specific 
purpose of furnishing process water, 
and are large enough for mention. 

The 7-mgd Anheuser-Busch plant 
produces an effluent which is low in 
hardness and carries about 3.5 ppm 
of residual chlorine. It, like East St. 
Louis, must contend with pollution 
caused by sewage from the city and 


wastes from various manufacturing 
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plants located immediately north. 
Raw-water color sometimes runs 
high as 60 ppm for short periods. 
The filtered water is used for all pur- 
poses except for beer making. In 
washing operations it is further forti- 
fied with chlorine to 7 ppm residual. 

The Wood River and National Lead 
Company plants use water mainly for 
cooling and process operation. The 
water from the 12-mgd National Lead 
plant is used to wash titanium dioxide 
pigments free from iron and other im- 
purities which might detract from 
whiteness. Treatment with lime, fer- 
ric sulfate, and activated silica pro- 
duces a water with a turbidity of less 


than 5 ppm. 


as 


Ground Water 


The limitations of quantity and qual- 
ity of water from wells located on the 
western side of the Mississippi River 
make ground water unimportant as a 
resource. These waters are highly 
mineralized and most of them contain 


bes 


LOUIS METROPOLITAN AREA 1071 
considerable quantities of hydrogen sul- 
fide. One of them, because of its 
unique history, is worthy of mention. 
This is the Belcher well located at 
Main and O’Fallon Streets, owned by 
the Belcher Hotel Company. It was 
originally drilled in 1849 to furnish 
water for a sugar refinery, but, when 
found to be unsuitable for this use, was 
thought to have curative properties and 
is now used for baths. It has a depth 
of 2,199 ft and cost $10,000 when com- 
pleted in 1854. 

The chemical quality of the wells 
located in the American Bottoms is 
quite variable from place to place. In 
general, these wells are usually less 
than 125 ft deep. The waters are quite 
hard, one running 3,000 ppm. Iron 
varies from trace to 120 ppm, and 
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fPHE Washington Suburban Sani- 

tary District covers approximately 
302 sqmiles of land in Maryland’s 
Prince Georges and Montgomery 
counties adjacent to and surrounding 
‘the District of Columbia. The present 
estimated population served in the dis- 
trict is slightly under 500,000. The 
main source of water supply for the 
area served is Patuxent River, a tribu- 
tary of Chesapeake Bay, across which 
have been constructed two slab-and- 
buttress dams. The uppermost of these, 
the Brighton dam, was completed in 
1942, while the Rocky Gorge dam, which 
is located approximately 11 miles down- 
stream from the Brighton dam, was 
completed in 1954. The drainage area 
above the two dams, which impound a 
total of 12.5 bil gal of water at normal 
pond level, is 132 sq miles. The nor- 
mal pond level of the Rocky Gorge 
lake is at el 285. Below this has been 
constructed a raw-water pumping sta- 
tion with a pump capacity of 94 mgd. 
The pumps, which are of the centrifu- 
gal type and driven by electric motor 
or water-powered turbine, take suction 
at el 165, thus having a positive suc- 
tion head of 120 ft at full pond level. 
During periods of excess flow in the 
river, 51 milgal per day can be 
pumped to the filtration plant with 
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three centrifugal pumps directly con- 
nected to water-powered turbines total- 
ing 1,950 hp. 


= 


From the Rocky Gorge pumping sta- 
tion the raw water is lifted to the Pa- 
tuxent filter plant at el 425. This 
plant, which has a capacity of 65 mgd, 
is of the Morse type, consisting of four 
complete filter and sedimentation units, 
a head house containing the chemical 
feed equipment, elevated wash water 
storage, modern laboratory, office 
space, and a centralized control panel. 
Filtered-water storage and a high-lift 
pumping station complete the plant 
which, with the exception of the high- 
lift pumping station, is of all welded- 
steel construction. The high-lift pump- 
ing station is of reinforced concrete. 

The Patuxent plant, the first unit of 
which was placed in operation in 1944, 
is unique not only because of its type 
of construction, but because of the ar- 
rangement, which permits the addition 
of units as the needs of the community 
require. 

At the beginning of 1956, the Wash- 
ington Suburban Sanitary Commission 
had in service 1,294 miles of water 
mains to which were connected some 
97,858 water services. In 1955 the 
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average water consumption was 35.083 
mgd. 

Although filtered water is stored at 
the Patuxent plant to maximum el 415, 
the topography of the areas to be 
served is such that in order to main- 
tain satisfactory operating pressures, 
booster stations are necessary to serve 
some areas, requiring lifts up to el 660, 
while pressure-reducing installations 
are required for mains laid near sea 
level. 

Early in 1945 the commission had 
in operation one booster pumping sta- 
tion (the Capitol Heights station) 
which was manually operated and re- 
quired four full-time attendants. The 
water distribution system was expand- 
ing rapidly and the need for additional 
booster pumping stations was becom- 
ing apparent. A lack of qualified per- 
sonnel, together with increasing oper- 
ating costs and the need for better 
operating control, led to a study for 
the purpose of making this station 
fully automatic in operation with su- 
pervisory control at a central location. 
What was then the commission’s main 
office building, located about 6 miles 
away, was used for a control center. 
The changeover of the pumping itself 
from manual operation to automatic 
control not very difficult, for 
there was available at the time suitable 
automatic equipment for electric-motor 
operation, and the authors had gained 
considerable experience with solenoid 
pilot valves for pump discharge valve 
control. In fact, the first unit of the 
Patuxent plant, which had _ been 
placed in operation only a year earlier, 
contained a central control console for 
the operation of the control valves for 
its six filters, rate controllers, chemi- 
cal feeders, wash water pumps, and 
alarm devices. The immediate prob- 
lems were: 

1. What data should be transmitted 


Was 
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to the control center for adequate con- 
trol of the station ? 

2. How was this information to be 
transmitted and received at the control 
center ? 

In solving the first problem it was 
decided that only such pertinent infor- 
mation as pump suction pressures, 
pump discharge pressures, and the air 
temperature in the station would be re- 
quired. The pressure available on the 
suction side of the pump would also 
show the amount of water available in 
storage on the low side of the unit, 
while the pressure readings on the dis- 
charge or high side of the unit would 
show whether or not the station was 
operating, and the number of pumping 
units in operation. This would be indi- 
cated by increments in pressure rise 
as each unit went into operation. In- 
side air temperature was considered 
important because of the possibility of 
failure of the heating system during 
the colder months of the year. 

In solving the second problem a sys- 
tem was worked out whereby the de- 
sired information is transmitted over 
a single pair of wires and, at the re- 
ceiving end of the circuit, the signals 
are sorted and directed to the proper 
receivers for recording. 

The transmitters and receivers are 
conventional units which operate on 
the principle of translating the quanti- 
ties to be measured into cyclic time 
impulses. A program timer, consist- 
ing of a series of switches opened 
and closed by revolving cams driven 
by a synchronous motor, is located at 
‘ach end of a leased telephone circuit. 
The timer at the receiving end runs 
continuously, while that at the trans- 
mitting end stops at the end of each 
cycle, which is a few seconds less than 
the cycle of the other. When the re- 
ceiving program timer completes its 
cycle, it sends a signal which starts the 
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motor driving the transmitting pro- 
gram timer, thus keeping the corre- 
sponding cams and switches of both 
timers synchronized. When the corre- 
sponding pairs of switches are closed, 
a timed impulse indicating the quan- 
tity being measured by the transmitter 
is sent to the proper receiver, which 
then records the quantity on a chart. 
A more detailed description of the sys- 
tem is contained in a previous article 
by the authors (1). 


Capitol Heights Booster Station 


The four pumping units installed in 
the Capitol Heights station are con- 
trolled by a device which has two inde- 
pendent pressure elements of the 
spring-loaded bellows type for each 
pump. The low-pressure element 
starts the pump motor and opens the 
hydraulically operated discharge valve ; 
the high-pressure element closes the 
discharge vaive. When this valve 
reaches the closed position, a limit 
switch opens and stops the motor. 
After the equipment had been put in 
operation, it was found that the surges 
caused by bringing another pump on 
the line caused the high-pressure ele- 
ment of the running pump to function, 
thus shutting down the unit. To pre 
vent this action time delay relays were 
installed in those circuits energized by 
the high-pressure elements, and are 
functioning in a satisfactory manner. 

As the filtered-water storage eleva- 
tion at the Patuxent plant is 415 ft and 
the controlling elevation of the Mont- 
gomery County main pressure zone is 
495 ft, water is pumped from storage 
at the Patuxent booster pumping sta- 
tion by three electric motor-driven 
centrifugal pumps having a maximum 
combined capacity of 56 mgd. Each 


unit is driven by a 600-hp dual-speed 
electric motor operating at 885 or 
Although these units can 


1,180 rpm. 


M. JESTER & J. W. 


HENDERSON 


be operated from the control panels in 
the station they are normally operated 
by remote control from the central 
panel located in the Patuxent filter 
plant. 

For this purpose a supervisory con- 
trol system, like that used by electric 
utilities for remote control of circuit 
breakers and hydraulic turbines, was 
first investigated, but the cost was 
found to be too high. Then a prelimi- 
nary design was made of an audio tone 
system and an estimate of the cost 
thereof was obtained from a manufac- 
turer of electronic equipment. The 
estimated cost, although less than the 
commercial supervisory-control system, 
was also deemed excessive. Finally a 
system, using rotating program timers, 
similar to that described for the Capi- 
tol Heights station, was designed and 
installed. This system transmits 
twenty control functions from the main 
control panel in the filter plant to the 
pumping station and 21 confirming sig- 
nals from the pumping station to the 
control panel. The control functions 
for each of the three existing two-speed 
pumps and a future pump are: run low 
speed; run high speed; emergency 
stop; open discharge valve; close dis- 
charge valve. (The pumps are nor- 
mally stopped by means of a limit 
switch on the discharge valve.) The 
confirming signals are colored lights 
on the control panel, which indicate 
that the pumps are not running or are 
operating on either low or high speed; 
that the discharge valves are opened 
or closed; and that the program timer 
in the pumping station is revolving. 
The timer in the filter plant runs con- 
tinuously, completing its cycle in 35 
sec. The timer in the pumping station 
makes its cycle in 30 sec, then stops 
until started again by a signal from the 
other at the beginning of each cycle. 
The signals are transmitted by means 


Jour. AWWA 


Sep. 1956 


f twelve pairs of conductors in a cable 
similar to that used for telephones. 
[he other pairs in the cable are used 
or intercommunication and the trans- 
mission of flow and pressure data. A 
confirming signal is obtained within 
30 sec after a control function is initi- 
ited. The failure of the reduction gear- 
ng of the motors which drive the 
timers has been the principal source of 
trouble with the system. It was found 
that the reduction gearing had fiber 
gears meshing with steel, and that the 
failure was apparently due to lack of 
proper lubrication. The manufacturer 
of the motors finally advised the proper 
grade, amount, and frequency of lubri- 
‘ation. Pressure and flow data are 
also transmitted to the main control 
panel where they are recorded. 


Montgomery Booster Station 


From the Montgomery main zone, 
maximum water el 495, it is necessary 
to lift the water to el 650 to serve the 
Montgomery first high-pressure zone. 
A reinforced-concrete structure located 
between two 4-mil gal steel reservoirs 
houses two electric motor-driven cen- 
trifugal pumps having a combined ca- 
pacity of 2.6 mgd. A third steel res- 
ervoir of 15-mil gal capacity is cur- 
rently under construction, and a third 
pumping unit, which will increase the 
capacity of this station to 5.6 mgd, will 
be in operation in time to meet the 
requirements of the approaching sum- 
mer demand. 

The control equipment in this station 
consists of a dual-pump device similar 
to that described for the Capitol 
Heights station. The time delay re- 
lays are omitted as they are not re- 
quired at the present time. When the 
new unit is installed, a three-pump 
controller with built-in time delay re- 
lays will be installed in place of the 
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existing one. The telemetering equip- 
ment is identical with that at the 
Capitol Heights station. At the pres- 
ent time, operating data from this sta- 
tion are transmitted to and recorded 
at a secondary control center, from 
which point they are relayed by land 
line to the main control center at the 
Patuxent plant. Present plans call for 
the abandonment of this secondary con-— 
trol center and the relocation of its re- 
ceiving and recording equipment on 
the main panel at the main control 
center. 

From the Montgomery first high- 
pressure zone, maximum water el 650, 
it is necessary, because of line fric- 
tion losses, to boost the pressure in 
the main feeding Gaithersburg and 
Washington Grove, which are in a 
remotely located area. For this pur- 
pose the commission has in operation 
a small water booster station of ma- 
sonry construction with two electric 


motor-driven centrifugal pumps hav- 


ing a total capacity of 2.2 mgd. The 
sequence in control operation of this 
station differs radically from that of 
the commission’s other booster stations 
in that, when a pump goes into opera- 
tion, the motor starts against no load 
and, when running speed is obtained, 
the pump discharge valve opens. In 
the normal operation of the commis- 
sion’s booster stations this sequence is 
reversed to shut the unit down for the 
control of water hammer; that is, the 
pump discharge valve closes first be- 
fore the motor is deenergized. When 
it was attempted to place this station 
in operation following this procedure, 
a severe water hammer developed on 
the pump suction main. This condi- 
tion continued to develop in spite of 
the fact that the pump discharge valve 
was closed for a period of some 300 
sec, which was as slow as the discharge 
valves could be operated. The devel- 
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opment of this surge was caused by the 
fact that the suction feed serving this 
station was approximately 46,000 ft 
long, without any branch lines. Sev- 
eral methods of controlling this condi- 
tion were being considered when it was 
suggested that the pump be shut off 
with the discharge valve in a wide-open 
position, the theory being that as the 
surge developed in the suction line, 
which exceeded the pressure on the 
discharge side of the pump, the shock 
wave would be dissipated through the 
check valve located on the discharge 
side of the unit. With somewhat more 
hope than confidence, recording equip- 
ment was set up in the station and 
along the pump suction line, and the 
unit was shut off. The result was that 
the pump came to rest with practically 
no surge occurring in either the pump 
suction or discharge lines. 

The pumps in this station are con- 
trolled by a dual-pump control device 
similar to those previously described, 
except that time delays in the starting 
and stopping circuits are incorporated 
in the equipment. The high-pressure 
element, instead of closing the dis- 
charge valve, stops the motor and ener- 
gizes a time delay relay, which closes 
the discharge valve after the surge in 
the suction line has dissipated. The 
telemetering equipment is_ identical 
with that in the Capitol Heights sta- 
tion. Operating pressures and flow 
data from this station are transmitted 
to and recorded on the central control 
panel at the Patuxent plant. 


Prince Georges Plants 


The filtered-water storage at maxi- 
mum el 415 at the Patuxent plant is 
sufficient to serve by gravity the Prince 
Georges first high-pressure zone, 
which also includes an area in south- 
ern Howard County. Although How- 
ard County is not a part of the sanitary 
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district, by an agreement with the 
Howard County Metropolitan Com- 
mission the Washington Suburban 
Sanitary Commission furnishes the 
water supply for, and maintains and 
operates, the system in this part of 
Howard County. To serve the Prince 
Georges main zone, which has a con- 
trolling elevation of 320 ft, pressure- 
reducing installations have been made 
on each of the two main feeder mains, 
of 30- and 42-in. diameter respectively, 
feeding this zone from the Patuxent 
plant. The pressure-reducing installa- 
tion on the 42-in. feeder main is in- 
stalled at el 128 and reduces the water 
pressure from 120 psi on the high- 
pressure side to 78 psi on the low- 
pressure side. For this purpose there 
are installed two 24-in. pressure-reduc- 
ing and regulating valves operated hy- 
draulically. The original installation 
has electric remote controls located on 
the central control panel at the Patux- 
ent plant. The pressure-reducing in- 
stallation on the 30-in. feeder main 
installed at el 141 reduces the water 
pressure from 115 psi on the high side 
to 73 psi on the low side. Pressure- 
reducing and regulating valves of 12 
and 20 in., hydraulically operated with 
spring-loaded pilot valves, are in use 
for this service. The operation of this 
unit, which was installed in 1944 with- 
out remote control, is for the 12-in. 
regulating valve to handle flow demand 
up to its maximum capacity, at which 
point the 20-in. valve takes over. Al- 
though this type of installation proved 
satisfactory as long as the distribution- 
system demands on the low-pressure 
side are reasonably constant, it was 
found that as_ seasonal demands 
changed, the desired control could not 
be maintained without sending person- 
nel to the installation for the purpose 
of adjusting the controls in order to 
change the range settings. Actually 
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this procedure required the services of 
two men, as the commission does not 
permit a man to enter a vault without 
a second man in attendance on the 
surface. In addition to the expense 
involved in such operation, delays fre- 
quently occur in locating and dispatch- 
ing the proper personnel required. 

When a similar installation was re- 
quired for the 42-in. main feeder line 
several years ago, several methods of 
remote control for the pressure-reduc- 
ing and regulating valves were studied, 
and it was finally decided that the pilot 
control should be motor operated by 
remote control from the central con- 
trol panel at the Patuxent plant. To 
accomplish this, one of the pressure- 
reducing valves is adjustable by means 
of a_ reversible limit-torque motor, 
which varies the tension of the springs 
in the pilot valve. Revolving program 
timers in the valve vault and at the 
filter plant, like those used in the tele- 
metering systems previously mentioned, 
enable the operator at the filter plant 
to control the valve by means of hold- 
ing a switch on the central control 
panel in either the “raise” or “lower” 
position until the gages on the panel 
indicate the desired pressures. The 
cycle of the timer is 180 sec. The 
contacts of the cam-operated switches 
in the “raise” and “lower” circuits are 
closed simultaneously for 40 sec. In- 
dicating lights on the panel show when 
the control circuits are available. Op- 
erating pressures are transmitted to 
the central control panel where they 
are received and recorded. 

To serve the Prince Georges second 
high zone, water from the Prince 
Georges main zone is pumped to el 450 
through the Hill Road booster sta- 
tion. This station contains three elec- 
tric motor-driven centrifugal-pumping 
units having a total capacity of 13 mgd, 
and secondary chlorination apparatus. 
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The control equipment in the Hill 
Road station differs from that previ- 
ously described. The pressure-actuated 
equipment has bellows which are 
loaded, through linkage, by a pendu- 
lum, and synchronous-motor time de- 
lays in both the starting and stopping 
circuits. The pumps are started by 
the low-pressure circuits. The high- 
pressure circuits close the discharge 
valves, which in turn stop the pumps 
by means of limit switches. The tele- 
metering equipment is similar to that 
previously described, except that four 
quantities are transmitted to the cen- 
tral control panel: water elevation in 
the Hill Road reservoir, from which 
the pumps take suction; discharge 
pressure; flow in the discharge line; 
and temperature in the chlorinator 
room. 


Deep Well Pumping 


To serve a small area located along 
the Potomac River and (at the time it 
was acquired) some distance from the 
commission’s nearest main water sup- 
ply, a deep well source of water supply 
was developed. This supply consists 
of two gravel-packed wells, approxi- 
mately 600 ft deep and 1,300 ft apart, 
having a combined capacity of of 925 
gpm. Water from the two wells is 
pumped into a reinforced-concrete re- 
ceiving reservoir from which two elec- 
trically driven centrifugal pumps, hav- 
ing a combined capacity of 1.4 mgd 
against a 278-ft head, take suction. 
Chlorination of the pump suction is 
accomplished by use of a_ gas-feed 
chlorinator automatically controlled by 
means of an orifice plate and converter. 
High-lift pump operation is controlled 
by means of a “tank control” installa- 
tion, while the deep well pumps are 
controlled by electronic relays, the 
probes of which are installed in the 
receiving reservoir. Operating cir- 
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cuits are so arranged that, if the high- 
lift pumps deplete the receiving reser- 
voir, they will be automatically shut 
down until sufficient water is again 
available for operation. Operating 
data for this installation are trans- 
mitted to the control center for obser- 
vation and recording. 


Operating Troubles 


Operating troubles encountered with 
the telemetering systems during the 
past 10 years have been of a relatively 
minor nature and largely in connection 
with the program timers, involving 
gear motor failures, contact spring 
breakage, and cam wear. Equipment 
repairs are made by the commission’s 
own crews, and the necessary repairs 
are usually made in a matter of a few 
hours. Leased line facilities, with the 
exception of one pair consisting of 
open wires on insulators, which seem 
to fail even in foggy weather, have 
been very satisfactory. 

It has been found that the pressure- 
actuated controller used in the Hill 
Road station holds its adjustment, 
while the spring-loaded ones require 
periodic readjustment, as temperature 
variations seem to affect the spring 
tension. 

During one of the hurricanes which 
hit Maryland in August 1955, the area 
in the vicinity of the high-lift pumping 
station and receiving reservoir for the 
previously described well supply be- 
came inundated, and the station was 
surrounded by flood waters. In fact, 
water rose to a depth of 2 ft at the 
entrance to the station, and access 
to the station was impossible without 
causing it to flood. A two-way radio 
crew was standing by, observing this 
station as the flood waters rose, and 
although the author and his associates 
passed some rather unpleasant hours 
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wondering whether or not the entrance 
doors would fail as the water kept 
rising, or whether leakage past these 
doors would exceed the sump pump 
capacity, they were able to observe the 
operations of this station from the 
control room during the entire storm. 

In 1945, when the installation of 
multiple telemetering was first contem- 
plated, a method of transmitting the 
signals simultaneously over leased tele- 
phone circuits by means of audio tones 
of different frequencies was studied. 
The terminal transmitting and receiv- 
ing equipment was designed to be used 
in connection with conventional time 
impulse transmitting and receiving in- 
struments. At that time the cost of 
a leased telephone circuit was 75 cents 
per 4 mile of line. It was learned, 
however, that the telephone company 
would permit only one signal at a time 
over a leased line. The signal had to 
be direct current. If simultaneous a-c 
signals were transmitted, each signal 
frequency would be considered to be a 
channel, with a charge of 75 cents per 
} mile for each channel. This caused 
abandonment of the audio tone system 
and its replacement with the rotating- 
program timer system. Recently, the 
telephone company has changed its 
regulations and now permits simul- 
taneous audio frequency signals to be 
transmitted. A long-established manu- 
facturer of electronic equipment has 
put on the market terminal equipment 
consisting of tone generators and fre- 
quency-selective receivers for teleme- 
tering, remote control, and signaling. 
Twenty simultaneous signals can be 
transmitted over an average leased line 
circuit. The Washington Suburban 


Sanitary Commission is having such a 
system installed in connection with a 
large sewage-pumping station now un- 
der construction. 
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HE phenomenal growth of the city 

of Los Angeles, particularly in the 
last 10 years, has resulted in a boom 
in real estate development of new resi- 
dential tracts. Some of these new 
tracts are located in hilly areas which, 
in the past, have been considered un- 
economical to develop. Because of the 
influx of more than 435,000 people into 
Los Angeles in the last 10 years, how- 
ever, the situation has changed. Many 
precipitous mountainsides have been 
cut up by giant earth-moving equip- 
ment, and the ground subdivided into 
new sites. In other places, shelves 
have been carved out of the mountain- 
sides and houses built upon them. 
Even private roads have had to be 
built to give access to some of these 
residences. As a result of this con- 
stant population growth and increased 
number of high-elevation develop- 
ments, the demand for secondary 
pumping in these areas has been in- 
creasing at an accelerated rate. The 
recent additions to the area supplied 
by pumping increased the total de- 
mand far beyond expectations. The 
city of Los Angeles, sprawling over 
452.6 sq miles in area, requires a con- 
stant average flow of 598.8 cfs, or 387 
mgd, throughout the year, to supply 
the water demand of its citizens, with 
peak 24-hr periods reaching 756 mgd. 
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Unlike most major cities in the United | 
States, Los Angeles is located in diver- | 1 
sified terrain. Domestic water is sup- : 
plied from sea level to el 2,440, all | a 


within the city limits. To supply the 
hilly areas, more than 23,100 hp = ms 
used. This power requirement is di- ' < 
vided among 53 secondary pumping © 


plants ranging in size from 10 to | 


3,300 hp. 
The first attempt at secondary — 
pumping was by means of a water 
wheel installed in the Los Angeles 
River in 1860. The following winter 
the floods removed this project. After 
being rebuilt, it was once more washed 
out, and finally was abandoned. The 
next pumping plant, installed in 1893, 
used a 100-gpm triplex pump driven by 
a leather belt from a Pelton water 
wheel. The first major pumping-plant 
installation employed a Snow cross-— 
compound steam pumping engine =~ 
which went into operation in 1904, Its | 
capacity was 5 mgd against a head of 
300 ft. All of the early plants were | 
steam engine—driven and, of course, 

manually operated. 

In 1925 the first attempt at automa- 
tion was made without great success, 
although some of the equipment in- 
volved is still in use today. This plant 
consisted of five wells, with 75-hp 
motor-driven pumps, discharging into 
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a sump of about 800,000-gal capacity. 
The well pumps were controlled by 
float-actuated switches in the sump to 
maintain the water level at a minimum 
of 70 per cent of sump capacity. On 
the roof of the sump, two booster 
pumps were installed. These were 
started and stopped by a pressure 
switch which closed and opened the 
starter circuit. One big problem of 
this plant was the fact that the booster 
pumps operated on a negative suction 
head with 6-9 in. of vacuum, so a 
priming device consisting of a hydrau- 
lic ejector was installed. This proved 
to be costly because of the excessive 
use of operating water from the dis- 
charge side of the pump. The ejector 
water would build up the sump level, 
even to the point of overflowing. 

The water system of the Los An- 
geles Department of Water and 
Power has always considered the high 
reliability of its water supply one of 
the prime objectives. This has been 
reflected in the basic design of all the 
pumping plants which, wherever pos- 
sible, incorporate either elevated or 
pneumatic water storage to provide a 
reserve for peak demands, power fail- 
ure, or equipment breakdown. In ad- 
dition to this, the possibility of service 
interruption is minimized by the in- 
stallation of spare units in each plant. 
These pumps are available for immedi- 
ate operation in the event of failure of 
the operating unit. In vital locations, 
where the pumping plant supplies an 
extended area without adequate stor- 
age or where power lines cross high 
fire hazard brush areas, internal- 
combustion engine-driven pumps are 
used for standby in event of power 
failure. Equipment for these installa- 
tions is chosen conservatively to oper- 
ate well below its maximum capacity. 
The wisdom of this basic philosophy 
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of design has been borne out by the 
many years of trouble-free service re- 


ceived by the secondary pump areas. 


Method of Operation 


Pumping-plant installation the 
Los Angeles water system may be di- 
vided into three categories: [1] manu- 
ally operated plants with 24-hr opera- 
tor attendance; [2] semi-automatic 
plants; and [3] fully automatic plants. 


in 


Manually Operated Plants 


The number of manually operated 
plants in the Los Angeles system is 
fairly small. Each such plant is a 
carryover from the days preceding the 
automatic pumping-plant development. 
As a rule, these plants were originally 
equipped with steam engine—driven 
compressors for air-lift wells and 
steam-driven pumping engines, or a 
diesel-driven generator which supplied 
power for a number of wells in the 
vicinity, as well as for the booster 
pumps used for pumping the well 
water into the distribution system. All 
of these plants have been converted to 
operation from power line energy, and 
even though the units are as large as 
1,200 hp, thought has been given to 
converting them to fully automatic 
operation. 


Semiautomatic Plants 


As a rule, existing semiautomatic 
plants are small in size and consist of 
two units, the first of which is either 
started manually or by time switch 
and generally shut off by a pressure- 
activated mercoid switch. Sometimes 
the first unit in a plant is started by 
means of a time switch and the second 
unit manually, if the line pressure falls 
excessively. Experience with these 
plants has not been very satisfactory, 
as the operator has to anticipate the 
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demand in the system in order to start 
and stop the pumps at the proper time 
of day. Because of the lack of fully 
automatic control, the operator some- 
times has to remain on duty to assure 
proper operation during a heavy pump- 
ing period. 


Fully Automatic Plants 


Fully automatic units comprise about 
90 per cent of all plants now in opera- 
tion in the Los Angeles water system. 
The automatic features of these plants 
have been under development for a 
number of years and have reached a 
high state of reliability. The fully au- 
tomatic pumping plants vary in size 
from 10-hp induction motor-driven 
units to 600-hp, 2,300-v, synchronous 
motor-driven units. The number of 
units per plant varies, the smallest 
plant having two and the largest as 
many as six. In some instances, in 
addition to electric-driven units, there 
are also gasoline or diesel standby 
units which are either coupled through 
a clutch to one of the electric-driven 
pumps or operate independent pumps. 


Automatic Control System 
The fully automatic pumping plant 


may be operated either automatically 
or manually, depending on the setting 
of the control selector switch on the 
relay panel. When the switch is in 
the manual position, the automatic se- 
lectors are completely bypassed and 
pump stopping and starting is per- 
formed manually. The following is a 
description of the control system of 
operation. 

Manual 


operation. Pumps are 


started by pressing in the manual-start 
push button of the desired pump and 
holding it until the hold circuit is com- 
pleted by the appropriate relays ener- 
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gizing the holding coil through a con- 
tact on the pump discharge check 
valve. Starting of the pump motor de- 
energizes a green pilot standby light 
and lights a red pilot light showing 
that the unit is on the line. To stop 
the unit, the corresponding “stop” 
push button is depressed, interrupting 
the holding circuit and stopping the 


motor, simultaneously extinguishing 
the red light and lighting the green 
light. 


Automatic operation. For starting, 
a drop in the discharge line pressure 
closes a_ pressure-actuated starting 
switch and initiates a time-delay se- 
quence. At the end of the time delay, 
a selector circuit becomes energized 
selecting the first available pump ana 
starting its motor; after the motor is 
started, another timing circuit comes 
into action, measuring the lapse inter- 
val until the predetermined time when 
the pump has to start pumping water. 
If the pump is in good order and be- 
gins to pump within a preset time, the 
contact on the discharge check valve 
completes the circuit for holding relays 
and deenergizes the timing circuit. 
The pump is now on the line operating 
in normal fashion. If the pump does 
not start pumping during the preset 
lapse of time, either because of mal- 
function of the pump or because the 
motor is inoperative, the timing ele- 
ment energizes another circuit which 
deenergizes the motor starter, blocks 
a selector switch to prevent that motor 
from being started again, and at the 
same time lights an amber pilot light 
to indicate to the plant operator that 
the unit is locked out. The timing de- 
vice, at the end of this operation, resets 
itself and begins another selection se- 
quence to place a second pump on the 
line as described above. When a unit 
is being placed on the line and begins 
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to pump, the pressure-actuated start- 
ing switch continues to check the line 
pressure after the pump is running. 
If the line pressure is not increased 
sufficiently by the operation of one 
pump, the automatic selection cycle is 
initiated, and after going through the 
time delay as previously described, the 
second pump is placed on the line in 
parallel with the first pump. This 
checking of line pressure for sufficient 
increase continues ; if the placing of the 
second unit on the line does not bring 
the pressure up adequately, the cycle 
is repeated with the third unit and 
again with the fourth unit, until either 
the line pressure comes up or all the 
available pumps are placed in opera- 
tion simultaneously. 

The automatic control system selects 
pumps in rotation. If, for example, 
the No. 1 pump completes the run and 
shuts down, on the next cycle the No. 2 
unit will start first, and so forth. If 
for some reason one of the pumps be- 
comes locked out, the selector system 
skips over that unit and selects the 
next available pump, placing it on the 
line when required. The system also 
incorporates an “antihunting” provision 
to prevent the selector from going into 
continuous operation, searching for a 
pump, when all available pumps are 
either in operation or locked out. 

The pumps are automatically stopped 
by the discharge line pressure increase 
to a preset value. When either of these 
conditions occurs, suitable pressure- 
actuated switches energize an auto- 
matic selection circuit which takes off 
the pump in operation without any 
time delay. If there is more than one 
pump running at the beginning of a 
stopping cycle, the automatic controls 
take off the pump which came on the 
system first without time delay, then 
the second pump after a preset time 
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delay. If system demand is heavy and 
the stopping cycle takes place, the first 
unit is taken off the line, but the sec- 
ond unit remains on the line until the 
system demand decreases to such a 
point as to permit the second unit to 


be shut down. _ 


In certain areas, where reliability of 
service requires that the pumping plant 
be available at all times, a diesel engine— 
driven pump is started automatically 
in the event of power failure. The 
automatic diesel starter is actuated by 
a combination of line voltage failure 
and low pressure on the system. 
When both these conditions take place, 
a circuit is completed to a cycle timer, 
which initiates engine cranking by 
connecting the battery to the engine 
starter. The cranking cycle consists of 
10-sec cranking and 5-sec rest periods 
and may be repeated any desired num- 
ber of times up to the total length of 
5 min. When the diesel engine is 
started, it is automatically placed at 
idling speed for 1 min before being 
thrown over to full speed and coupled 
to the pump by a centrifugally operated 
clutch. The diesel is stopped automati- 
cally when the pressure on the line 
reaches a preset value or when the line 
voltage is restored at the end of the 
power failure. This disconnects the 
diesel from the full-speed position and 


Automatic Diesel Starters 


disengages it from the pump. The 
diesel continues to run for another 
minute at half speed before being 


stopped completely. In the event of 
functional failure of the equipment or 
if the diesel does not start after the 
predetermined number of cranking cy- 
cles, it is automatically locked out and 
a white pilot light is energized to indi- 
cate that the engine failed to start 
after having gone through the full 
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cranking cycle. The automatic con- 
trols will lock out the diesel if the en- 
gine water temperature becomes exces- 
sively high or if the engine oil pressure 
drops below a safe value, and will also 
light a red warning light, indicating 
oil or water failure. Except during 
special tests the diesel units have al- 
ways started on the first one or two 
cranking cycles. 

Automatic diesel starter controls are 
equipped with a four-position selector 
switch for selection of automatic or 
manual operation, one “off” position 
and one “test” position. When in the 
manual position, all the automatic con- 
trols are bypassed and the engine is 
started by means of a manual-start 
push button. In the test position, the 
low-voltage contacts and the low- 
pressure contacts, which are normally 
used to start the cranking cycle when 
the power fails, are bypassed to permit 
the operator to try out the engine- 
starting sequence without having to 
deenergize the pumping plant. The 
automatic starter controls on the diesel 
also incorporate a trickle charger for 
charging the 24-v engine-cranking bat- 
tery. The charger consists of a dry 
transformer, selenium rectifier, current- 
adjusting variac, and an ammeter to 
indicate the rate of charge. 

In the Los Angeles system there is 
one plant, in a high restricted residen- 
tial district, which is rather unique in 
that submersible-type booster pumps 
are used. Because of the small rotat- 
ing mass in the submersib'e-type pump, 
the units come up to speed almost 
instantly and as a consequence the 
plant was faced with a problem of 
extreme water hammer. In this one 
plant it was necessary to redesign the 
control system so that when the pres- 
sure switch was actuated to bring a 
pump on, the pump started against a 


closed discharge gate, which was then 
opened very slowly by a hydraulically 
operated cylinder. As the tank filled, 
and the desired pressure was created, 
just the reverse happened. The “stop” 
mercoid would trip, closing the dis- 
charge gate, after which a microswitch 
installed on the check valve would shut 
the pumping unit down until the next 
cycle of operation. This system was 
further improved by running a selector 
system so that each unit in the system 
had the same running time. Thus, in 
periods of extreme demand, all three 
units in the plant could operate simul- 
taneously—with never more than one 
start or stop at the same time, however, 
to avoid the water hammer problem 
mentioned previously. The only weak- 
ness in this system is the possibility of 
a power failure. To forestall such an 
occurrence, a relief valve has been set 
in the system which will discharge 
back into the suction side of the units. 


Experience With Automatic Plants 


Experience within the last 10 years 
has shown the automatic pumping 
plants to be most satisfactory. Reli- 
ability of these plants is extremely 
high, and maintenance is kept at a 
minimum by proper design of compo- 
nents. The automatic selection system 
used in these pumping plants has been 
standardized as much as possible so 
that most installations completed after 
1953 are basically identical in design. 
This permits a great saving in spare 
parts, and also allows the maintenance 
man to become thoroughly familiar 
with the circuit. Another method used 
to simplify maintenance is the use of 
plug-in relays throughout the plant. If 
one of these relays fails, only a few sec- 
onds are required to pull it out and 
plug in a spare unit, putting the circuit 
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back in operation. The actual per- 
formance of these plants appears to be 
better than that of the manual plants; 
this may be explained by the ability of 
the automatic controls to maintain a 
constant watch over the system and 
correct any deviation from the desired 
conditions within a few minutes. 
Economic aspects of automatic 
pumping-plant control reveal a great 
saving in operating costs against cor- 
responding performance of a manually 
operated plant, which requires three 
shifts of operators plus the necessary 
standby personnel to relieve these op- 
erators in case of sickness or vacation. 
Assuming that the operator’s pay is 
$2.50-$3.00 per hour, including the 
necessary overhead expenses, the daily 
cost for labor to operate a plant will 
be about $60-$72 a day, or approxi- 
mately $22,000 per year. If the con- 
trol equipment can be capitalized at 10 
per cent, it means that some $220,000 
worth of equipment may be installed 
in a plant to save the expense of the 
labor. Actually the automatic equip- 
ment for a pumping plant costs only 
$3,000-$5,000, but maintenance of the 
equipment must continue as_ before. 
The saving in operating expenses, 
however, is appreciable. Not all pump- 
ing plants, of course, share the operat- 
ing characteristics or conditions here 
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described; but through the standardi- 
zation of controls and control systems, 
it is possible to achieve important 
economies as well as increased reli- 
ability of the system. 

At the present stage of development, 
the automatic pumping plants in the 
Los Angeles system are highly success- 
ful and economically rewarding. They 
do, however, require careful planning 
before installation. The Los Angeles 
system is now looking forward to the 
time when the telemetering of the func- 
tions of a few of the major plants will 
be effected. Such a system is partially 
in service already, where reservoir 
readings, pipeline flows, and pressures 
are telemetered. Considering the reli- 
ability of well designed automatic 
pumping plants, the cost of telemeter- 
ing is not justified except in special 
cases. 
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ECAUSE of the present tempo of 

expansion at St. Louis, it has not 
been possible to secure complete data 
on the operating characteristics of the 
surge control equipment installed on 
the recently constructed additions to 
transmission mains. The information 
presented here should therefore be con- 
sidered a preliminary report on the 
methods employed to confine surges to 
manageable and safe amounts. It will 
be descriptive rather than theoretical, 
with very little, if any, contribution 
to the knowledge of water hammer 
analysis. 


Design Problems 


The water hammer problem is very 
complex. In simple conduits of uni- 
form thickness and diameter, with 
known elastic properties and length and 
with no branch lines, there is often a 
remarkable correlation between com- 
puted and measured values. But, in 
conduits with variable thickness or di- 
ameter or in conduits having branch 
pipes, the analysis of the problem is 
made much more complex by reflected 
waves. In pump discharge conduits 
the problem is still more difficult be- 
cause of such factors as the rate of 
discharge valve closure, the rotation 
effect of pumps, pipeline profile, and 
the dampening effect of the distribu- 
tion system. All of these factors may 
affect the shape, amplitude, or period 
of the fundamental! or secondary waves, 
and it is not always possible to com- 


pute or predict the influence of these 
factors, either individually or collec- 
tively. The designer is confronted 
with these problems, however, and, 
before the pipeline is placed in opera- 
tion, he must design and specify equip- 
ment which is capable of reducing 
surges to safe limits. As is often the 
case, these circumstances result in de- 
sign that is on the conservative side. 
The designer provides more surge 
valves than are actually needed. Vac- 
uum and air relief valves of either the 
quick-opening and quick-closing or 
quick-opening and slow-closing type 
are installed along the pipeline at every 
location where it appears that they 
may be needed. In addition, other 
connections are often provided so that 
the original equipment may be supple- 
mented at a later date. Transmission 
pipeline failures are not only expensive 
to repair but often result in serious 
water service curtailment for an ex- 
tended period of time. In view of this, 
one can hardly blame the designer for 
taking a conservative approach to the 
surge problem and providing more than 
a bare minimum of equipment. 


St. Louis Equipment 


Surge control equipment for the 
transmission mains of the St. Louis 
County Water Company has been de- 
signed on this basis. Surge relief 
valves, set to open on the depressed- 
pressure wave or down surge, are in- 
stalled on the transmission pipe near 
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the discharge pumps. Vacuum and air 
relief valves of the slow-closing type 
are installed at critical points along the 
profile of the pipeline. At other points 
along the profile, smaller vacuum and 
air relief valves of the quick-closing 
type may be installed if circumstances 
indicate a probable need. If two relief 
valves are required to control the surge 
at maximum design flow rates, three 
valves are provided so that two will be 
available even though one fails to func- 
tion. In the same extremely conserva- 
tion manner, vacuum and air relief 
_ valves are installed in pairs. 

Three transmission main systems are 
now being used to provide water to 
the 210-sq mile service area. In June 
of 1956 a fourth transmission main 
was placed in operation. Only the 
first two will be discussed here, how- 
ever, because they represent typical 
surge control problems (Fig. 1). 


High-Service-Low System 


The first system, known as 
Central Plant high-service-low 
tem, consists of three parallel cast-iron 
pipelines, 20, 24, and 36 in. in diam- 
eter, which connect to the pumping 
station on one end and to an 11-mil gal 
reservoir on the other end, where all 
the water is repumped. The lines are 
39,100 ft in length and traverse a pro- 
file which rises 180 ft within a short 
distance from the plant, then drops off 


the 


sys- 


a into a valley from which it gradually 

rises to the reservoir elevation. 

iJ The input into the lines is by five 
4 electrically driven centrifugal pumps. 

: Mf Two of these units have a capacity of 

18 mgd each. The others, which are 

of the outdoor vertical type, are smaller. 
Midway between the main pumping 

station and the reservoir, a_ booster 


driven centrifugal pumps and having a 
total capacity of 48 mgd, has been in- 
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stalled. Suction to the pumps is from 
all three pipelines, but only the 24-in. 
and 36-in. pipelines are used to con 

vey the water from the booster pump 
ing station to the reservoir. The 
20-in. pipe at this point is converted 
to distribution pressure by an addi 

tional pump which takes suction frot 

the discharge of the other pumps. 

Without booster pumping, the sys 
tem has a capacity of 36 mgd. Wit 
booster pumping, its maximum capac 
ity is 48 mgd. The system is flexibl 
and almost any flow rate can be ob 
tained by selecting the proper com 
bination of pumps. 

Water hammer experience with thi 
system dates back to 1932 when th 
steam-driven pumps were replaced b 
electrically driven ones; the steam 
driven pumps were then relegated t 
standby service. The difficulties en 
countered and the corrective measure 
employed are described by Lischer (7 ) 

A plan and profile of the three pipe 
lines, as they existed after the electri 
cally driven pumps were first installec 
are shown in Fig. 2. As the systen 
was arranged after the electricall 
driven pumps were installed, ther 
were several trouble spots, with possi 
bilities of water column separation a 
two points. As a result of the originz 
study, three 6-in. air valves, one con 
nected to each of the three pipelines 
had been installed at the highest poin 
along the profile nearest to the pump 
ing station. 

A restudy of the system at the tim 
the booster pump was constructed in 
dicated that the original equipment has 
sufficient capacity for flows up to 4 
mgd, if some means were provided t 
relieve the effect of any surge on th 
reservoir side of the booster station 
Such relief might be accomplishe 
either back through the pumps o 
through some bypass arrangement t 
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the surge relief equipment installed 
near the main plant. The booster 
pumping station was designed on the 
basis of a 45-mgd capacity. A spare 
pumping unit was also provided for 
reliability purposes. By the use of a 
third pumping unit the capacity of the 
system could be increased to 48 mgd, 
but only at the risk of inadequate 
water hammer protection. 

In the summer of 1952, when the 
system usage exceeded available ca- 
pacity, the spare unit at the booster 
pumping station was used to increase 
the flow to 48 mgd. During one of 
these periods a surge of unusual mag- 
nitude occurred, not only breaking 
the pipeline at one potential trouble 
spot, but also causing considerable 
damage to the pipes within the booster 
station. Fortunately, the pump cas- 
ings were not damaged, although all 
the pumps had to be realigned because 
of distortion occurring in the discharge 
header. It should also be mentioned 
that damage to the other equipment 
and building was minimized by the 
fact that all piping within the building 
was made of fabricated steel joined 
together by flexible couplings, with 
steel tie rods provided to take care 
of unbalanced thrusts. 

A review of the events preceding 
and at the time of the failure indi- 
cated the following: 

1. While putting the booster pumps 
into service to increase the rate of flow 
from 36 mgd to 48 mgd an interrup- 
tion occurred, causing surge of un- 
known amplitude. 

2. The flow interruption was caused 
either by an error on the part of the 
operating personnel or by equipment 
failure; it was not caused by a power 
outage. 

3. It was not possible to reconstruct 
the sequence of events immediately 
prior to the failure. 
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4. The surge relief equipment in- 
stalled between the booster pump and 
the main pumping station protected 
that portion of the pipeline. 

5. The water column separated at 
the highest point on the profile (4,000 
ft east of the booster pumps), and 
upon rejoining, without the benefit of 
vacuum and air relief, caused a sec- 
ondary wave which evidently super- 
imposed on the primary wave to cause 
destructive pressure. 

6. Vacuum and air relief were 
needed on each of the pipelines at the 
point of failure at flows exceeding 45 
mgd, and such relief was probably ad- 
visable for smaller flows in case a simi- 
lar sequence of events should be 
repeated. 

After further study, it was con- 
cluded that the system could be pro- 
tected from a water hammer surge 
resulting from the interruption of a 
55-mgd flow rate if the installed relief 
equipment was supplemented by: 

1. Individual 4-in. vacuum and air 
relief valves installed on each of the 
pipelines at the highest point along 
the profile 

2. An additional 6-in. angle needle 
relief valve installed near the main 
pumping station and controlled so as to 
open at a predetermined point on the 
down surge, thus serving as a reserve 
for either of the other two valves 

3. Controls to insure that the dis- 
charge valves of the booster pumps re- 
mained open during any surge period 
resulting from an interruption of flow 
so as to make the pipelines hydrauli- 
cally continuous between the suction 
and discharge sides of the booster 
pumps. 

This completed installation of surge 
control equipment, consisting of three 
surge relief valves installed near the 
pumping station and two sets of vac- 
uum and air relief valves installed at 
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Fig. 1. 


the two critical high points along the 
profile of the pipeline, has proved ef- 
fective in controlling and confining 
_ surges to acceptable limits at flow rates 

of 48-54 med. 


High-Service-High System 


The transmission main, 
_ known as the High-Service-High Sys- 


second 


4 

tem, presented a more challenging 
of water hammer design than 
: did the original system. More un- 


— 


known factors were involved, the in- 
fluences of which were difficult to evalu- 
ate. The profile along the route of the 
pipeline was rugged, necessitating fre- 
quent changes in the class of pipe used 
to obtain minimum installation cost 
and consistency in safety factor. <A 
large-capacity booster pump further 
complicated the problem. In addition, 
this pipeline discharged directly into 


Pumping Station Lackland Booster 
30 36 in. 
Surge Valves Cone Valve — 
High-Service-Low —Valve Normally Closed = 
Transmission 
System 24 in. = 
ala 
B 
V 1 

5 
é Ga 

520 B 

B Vv 
480 


28 32 36 40 44 
Length — 1,000 ft 


High-Service-High System Plan and Profile 


48 52 56 6 


The circled letters in the profile indicate the following: A—two 2-in. quick-opening 

quick-closing vacuum and air relief valves; 

vacuum and air relief valves; and C—two 4-in. quick-opening, slow-closing vacuun 
and air relief valves. 


B—two 4-in. quick-opening, quick-closin, 


the distribution system, which intro 
duced the customer factor. Not onl 
was the water hammer length of the 
pipeline (or point of wave reflection) 
unknown, but the velocity of the wav 
for the type of pipe used was not avail 
able from the manufacturer, nor ha 
it been measured by other users. 

A diagrammatic plan and actual pro 
file of the pipeline are shown in Fig. 1 
The pipeline, consisting of 52,000 f 
of 36-in. and 6,000 ft of 30-in. pre 
stressed steel cylinder concrete pipe 
connects the new 36-mgd_ centra 
plant addition directly to the distribu 
tion system. Major connections to th 
distribution system are provided at 
points which are 37,000, 52,000, and 
58,000 ft distant from the main pump 
ing station, respectively. 

It will be noted that this transmis 
sion main is interconnected to the orig 
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inal transmission main system by a 
30-in. bypass pipeline. Normally, the 
systems are isolated from one another 
by a closed valve, but under emergency 
conditions, by revalving, great flexi- 
bility can be obtained. 

At the main pumping station, the 
pipeline is connected to three two-stage 
electrically driven centrifugal pumps 
having capacities of 14, 16, and 22 
mgd at heads in the 150-200 psi range. 
As shown in Fig. 3, a 36-mgd_ booster 
pumping station has been installed on 
the transmission main approximately 
2,000 ft before the first major system 
connection. The capacity of the pipe- 
line without booster pumping is 27 
mgd, and 36 mgd with booster pumps. 

The booster station merits special 
mention not only because it is remotely 
controlled from the control room at 
the central plant pumping station by 
supervisory control equipment, but be- 
cause it introduced another factor into 
the water hammer problem which re- 
quired special consideration. 

Four 250-hp diesel-driven centrifu- 
gal pumps are installed in this station. 
Water is pumped around a closed 24-in. 
cone valve which can be opened or 
closed as needed by the remote con- 
trols provided. To protect the pipeline 
from overpressure, in the event that 
one or more of the diesel units fail 
when being operated, an _ interlock 
which will cause a selected pumping 
unit at the central plant to trip is pro- 
vided. In this case, the cone valve 
opens slowly and the booster pump 
discharge valves close slowly. Should 
one or more pumps at the central plant 
trip because of a power outage or for 
any other reason, pumps at the Lack- 
land station, unless opened by a re- 
mote manual control, continue to run 
with the cone valve closed. In all but 
unusual cirumstances, the surge valves 
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installed on this line would open, as — 
well as one or more of the vacuum — 
and air relief valves. But, unless the | 

cone valve at the Lackland Station 
were open, the static pressure at the 
surge valves was insufficient to cause 
reclosing. Thus another factor requir- 
ing consideration was introduced. q 

The design of the surge control 
equipment was predicated upon the — 
following conditions and requirements :— 

1. The design of the pipeline was | 
to be on the basis of a 36-mgd rate of | 
flow. 

2. Pumpage through the pipeline 
would be directly into the distribution 
system at distribution pressure. 

3. To obtain the design rate of flow, 
booster pumping would be required ; 
this introduced the problem of reclos-— 
ing the surge valves after operation. 

4. The design of the protective surge 
relief equipment was to be based on 
confining surge pressures to limits only 
slightly in excess of the pipe class and 
in no case to exceed the water hammer 
allowance provided for in the design 
of the pipe. 

5. To prevent secondary surge waves 
from occurring as a result of water 
column separation at high points along © 
the profile, sufficient vacuum and air | 
relief valves were provided at vul- 
nerable points. 

6. Distribution disturbances during : 
all phases of operation, including the : 
operation of the surge control equip- 
ment, was to be held to a minimum. _ 

Final design of the surge control 
equipment provided for the following : 

1. Three 6-in. angle type relief 
valves were to be installed on the pipe 
near the main pumping plant. Two of 
these valves were needed to protect the _ 
lines against water hammer surges at 
the maximum design rate; the third 
unit was installed for safety reasons 
to insure that at least two relief units 
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and surge valves were not. 


solid line is for system pressure off. 


_ would be available even though one 

7 failed to operate. These valves were 
set to open whenever the depressed- 
_ surge pressure fell to 90 psi. Reclos- 

‘ing was timed so as to prevent objec- 

tionable penstock type of surges. 

_ The valves are equipped with high 
_ pressure controls set to open them at 
215 psi, which is 15 psi more than the 
highest operating pressure. This fea- 
ture not only protects the pipeline from 


excess pressure resulting from mistakes 
7 in operation, but, more important, af- 
fords protection against faulty opera- 


tion of the interlock between the cen- 
tral plant and the booster station. 
Because of insufficient static head to 
-reclose the surge valves after opening 
when the cone and pump discharge 
valves at the booster station were 
closed, it was necessary to provide 
water at supplementary pressure as 
well as additional pilot valves. The 
operator, by the use of a push button, 
can reclose the valve from the control 


To stimulate a power failure, the breaker was tripped at 0 sec. 

flow of 6 mgd having a velocity of approximately 1.31 fps. 

Elevations given at the left are from sea level datum. 

_ The elevation of the surge recorder making the measurements was 446 ft. 

During the test, the highest air valves did not 
open. 
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Fig. 2. Pressure Wave in 36-in. Discharge Pipe 


This interrupted a 
Air valves were in service 


The straight 


room. By indicator lights, he can de- 
termine whether the controls are reset, 
and thus protect against subsequent 
surges. 

2. Vacuum and air relief valves were 
installed at the high point along the 
pipeline at more frequent intervals than 
usual because of factors associated with 
the cone valve at the booster pump 

3. Remote manual control of th 
cone valve was provided for distribu 
tion system protection. 

Figure 2 shows a replotting of ; 
pressure wave obtained on a high 
speed pressure recorder directly con 
nected to the pipeline near the mait 
station discharge valves. The purpose 
of the tesc was to determine the critica 
time of the pipeline and the point o 
wave reflection without any of th 
surge control equipment in operation 
It was also thought that relief afforded 
by the distribution system would be 
apparent on the chart. After the rate 
of flow had been reduced to a safe 
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Fig. 3. Pressure Wave in 36-in. Discharge Pipe With Surge Valves in Operation 


To simulate a power failure, the breaker 


flow of 17 mgd having a velocity of 3.72 fps. 


in service. The straight solid 
amount by throttling one of the dis- 
charge valves, the breaker was tripped 
to simulate a power failure. The surge 
relief valves were not in service at the 
time of the test and the air valves, 
although operative, did not function. 
The pressure wave shown ir. Fig. 2 is 
the surge effect caused by interrupting 
a flow of 1.31 fps in this pipeline. 

The critical time (time interval be- 
tween successive crossings of the static 
line by the pressure wave) was 10-12 
sec. Assuming that the velocity of the 
pressure wave is 3,400 fps, which is the 
approximate mean velocity reported 
for pipe of the same design and having 
similar elastic properties, the point of 
wave reflection is about 17,000 ft from 
the pumping station. Wave reflection 
from this point may be caused by 
either the closed valve on the 30-in. 
bypass between the two transmission 
systems or by the different elastic 
properties of the pipe resulting from 
a change in pipe class. 


was tripped at 0 sec. This interrupted a 
Both surge valves and air valves were 
line is for system pressure off. 


It was a surprise to find the peint 
of reflection only 17,000 ft distant from 
the plant, because it had been antici- 
pated that the reflection point would 
be either at the first system connection 
to the pipeline, some 37,000 ft away, 
or at some point beyond. The irregu- 
larity of the peaks in the wave shown 
in Fig. 2 may indicate that there is 
another wave of different critical time 
present. This could be the fundamen- — 
tal wave for the entire system but the : 
wave form justified only speculation 
and not a definite conclusion. It would 
be interesting to observe the wave pe- 
riod obtained by interrupting a much 
higher velocity, but the possibility of 
destructive pressure prevents this. 

In an effort to determine the ade- 
quacy of the surge relief equipment — 
installed on this pipeline, a power fail- 
ure condition was simulated, inter- 
rupting the flow having a velocity of 
3.72 fps. Again, a high-speed pressure 
recorder was attached to the pipeline 
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near the pump discharge valve to meas- 
ure the pressure variations caused by 
the surge and to record the effect of 
the protective equipment. 

Figure 3 is a replot of the pressure- 
time relationship measured on the high- 
speed recorder. Observers, stationed 
at the surge valve and the highest slow- 
closing type of air valves, in radio 
communication with pumping station 
personnel and equipped with stop 
watches, noted the time and pressure 
at which the protective equipment func- 
tioned. Although observers were not 
stationed at the intervening air valves, 
it is evident that the depressed wave 
opened these too. 

The velocity of the flow interrupted 
in this test resulted in a depressed 
wave which caused negative pressure 
at the surge valves located a short 
distance from, and only slightly higher 
than, the pumps. Complete protection 
of the pipeline from the surge was 
obtained by the relief equipment. This 
test further indicates that the pipeline 
is fully protected against surges result- 
ing from an interruption of the de- 
signed 36-mgd rate of flow. 

It will be noted in Fig. 5 that the 
highest air valves, which are 24,000 ft 
distant from the pumping station, 
opened in 4 sec, while the surge valves 
which are only 1,100 ft distant, opened 
in 11 sec. The sequence of events was 
questioned, but a subsequent test run 
under identical conditions gave the 
same results. 

The inertia characteristics of the 
surge valves may account for the time 
delay in their opening, but it is dif- 
ficult to understand the reason why 
air valves open in 4 sec. The de- 
pressed wave could not have reached 
these valves in less than 7 sec if the 
speed of the wave front were approxi- 
mately 3,400 fps. It appears that 
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these valves opened simultaneously 
with the first, and possibly the second, 
set of the quick-closing type of valves 
installed nearest to the pumping sta- 
tion. No attempt is made here te 
explain this apparent enigma. 

One failure attributable to water 
hammer has been experienced on this 
pipeline and, like the failure previously 
described, it was not caused by a flow 
interruption resulting from a power 
failure. At the time of the failure, 
construction of the pipeline had not 
been completed, nor had the booster 
pumping station been installed. The 
failure occurred at an overbend and 
was caused by a surge resulting from 
revalving the pipeline so that a por- 
tion of it could be placed in operation 
through the bypass to the original 
transmission mains. Although the 
surge which caused the failure resulted 
from a procedural error, it served a 
useful purpose in that it revealed the 
need for considerably more air relief 
than originally installed. 
Conclusi 

While conclusions are not necessary 
in a descriptive article such as this, 
it would be an omission not to state 
that direct pumping, by electrically 
driven centrifugal pumps to a distri- 
bution system and through a_ long 
transmission pipeline traversing un- 
favorable topography, presents many 
design problems not encountered in 
other transmission pipelines where dis- 
charge, for example, may be to an 
open reservoir. It should be stated 
that little is known about surge relief 
afforded by the distribution system. 
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mare _A paper presented on May 9, 1956, at the Diamond Jubilee Confer- 
ence, St. Louis, Mo., by Vance C. Lischer, Partner, Horner & Shifrin, 


~ Cons. Engrs., St. Louis, Mo. 


HE expansion of large metropoli- 

tan areas has created unusual 
problems of water supply With im- 
proved living standards and the re- 
lated greater use of the automobile for 
all family transportation, as is often 
the case, living has become more spa- 
cious To meet this trend, water dis- 
tribution systems have been extended 
over great distances creating new prob- 
lems of pumping and supply. 

There are many instances where 
small communities or subdivisions have 
banded together for the purpose of 
providing water supply and other mu- 
nicipal services through the formation 
of water districts or other types of 
political subdivisions and have con- 
tracted for water service from a nearby 
metropolis. In most cases the loads 
thus connected are purely residential 
and, as such, have poor load factors 
and high peak demands. 

Large metropolitan centers have 
often engulfed selfcontained communi- 
ties which formerly provided complete 
municipal services including water sup- 
ply. This expansion has sometimes 
brought the water distribution system 
of the parent metropolis to the boun- 
daries of the smaller community. The 
possibility of purchasing water from a 
larger and more economically produced 
supply presents an opportunity for eco- 
nomical expansion of the smaller com- 
munity’s water system. 


Such rendering of water service to 
the suburban population in wholesale 


quantities for which adequate rates | 


must be established has brought about 


a realization that commodity charges 


alone do not properly compensate the 
supplier for the plant and transmission 
mains required. Progressive suppliers 
of wholesale water, therefore, are in- 
voking rates with demand provisions, 
and, as a result, the user must develop 
a means of control if costs for pur- 
chased water are to be kept at a 
minimum. 

The purpose of this discussion is [1] 
to outline the problems of controlling 
the supply of water in a system where 
demand considerations of one form or 
another are included in the wholesale 


rate, [2] to suggest methods of con- | 


trol, and [3] to describe an installation 
where such means of control 
provided. 

The situations under consideration 
here are assumed to be such that man- 
ual, attended control cannot be eco- 
nomically justified and that remotely 
controlled or semi- and fully automatic 


controlled installations must  neces- 
sarily be used. 
It is not intended to discuss the 


merits or equity of possible demand or 


penalty rates. Because rates are sub- 
ject to change, the design of a facility 
for operating under such rates should 
necessarily be flexible. 
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System Characteristics 

In order for the rate of supply to 
be varied, as it must be if it is to be 
controlled to meet a penalty or demand 
rate, there must be sufficient equaliz- 
ing storage in the system to permit at 
least a uniform inflow rate on the 
maximum day, and more if the penalty 
rate calls for reducing the rate of water 
input during certain hours of the maxi- 
mum day. Generally, equalizing stor- 
age in the amount of 15-25 per cent 
of the maximum daily usage is neces- 
sary if a uniform rate of input is em- 
ployed on the maximum day. If pen- 
alty rates are in use, a larger amount 
of equalizing storage may be necessary. 

When a supply is purchased from 
a system which has its own peak de 
mand problems, there is opportunity, 
through the use of storage in the sup 
plied system, to obtain a lower rate for 
purchased water by submitting to re- 
duced rates of input during the peak 
hours of the supplying system. With 
the use of repumped ground storage, 
allocating a large amount of storage 
for equalizing purposes is economical 
and can be used to encourage applica- 
tion of lower rates for service. 


Need for Pumping 

The need for pumping of the pur- 
chased supply is independent of the 
means of control, although, where 
pumping is necessary and system char- 
acteristics are sufficiently constant so 
that the pumping rate is relatively uni- 
form, there is opportunity to use time 
control of operation under certain types 
of penalty rates. This will be dis- 
cussed in detail later. 

Whether or not pumping is required 
is dependent entirely on the relative 
gradients of the two systems. Because 
there are unavoidable losses due to 
metering and control, some additional 
energy can be expected to be needed in 
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most cases. The suppliers’ meters 
probably will be of the high-accuracy, 
displacement or turbine type, and losses 
of 5-15 psi can be expected. Adequate 
rate indication for operating a control 
valve and the control valve itself may 
call for 1-4 psi of additional loss. It 
is likely, therefore, that some pumping 
will be needed. 

If the ground storage facility is sit- 
uated so that the supply can be ad- 
mitted into it for repumping during 
peak hours or peak days, it may be 
possible to design a system in which 
one pumping installation at the ground 
storage tank site will suffice. During 
other periods the normal gradient of 
the supply may be adequate without 


repumping. 
ded 
‘tom 

Up to the present time there have 
been no well developed demand meters 
designed for the normal wet and un- 
heated meter vault customarily used for 
customer metering. In any case, a 
conventional meter vault is not a suit- 
able place for the recording chart in- 
struments currently available. 

A basic problem still exists in rate- 
determining appurtenances currently 
available for volumetric meters: if 
such meters are to indicate an instan- 
taneous rate, it is necessary for the 
movement of a rotative shaft to be 
converted into an instantaneous rate 
of speed. The mechanism which ac- 
complishes this is not as rugged as the 
meter itself, and generally it: is not 
suited to installation in a conventional 
meter vault. As an alternative method 


Metering Problems 


to the direct recording of instanta- 
neous rate, it is possible to use a re- 
corder which develops a mass curve. 
Instantaneous rate can be determined 
by calculating or measuring the slope, 
but this is laborious and highly un- 
satisfactory. 
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The measurement and recording of 


average rates for fixed intervals, such 
as with the 15-min demand _ instru- 
ments used for the sale of electric 
power to large power users, have not 
been developed for general use in the 
water-metering field. The develop- 
ment of devices which could be in- 
stalled in the unfavorable environment 
of an underground meter vault would 
not seem to be the best answer for the 
demand-metering problem encountered 
in serving water wholesale to munici- 
palities or water districts. The solu- 
tion to this problem of determining 
instantaneous rate would better be in- 
tegrated into the means of control pro- 
vided by the customer. That, at least, 
is the simplest answer, pending the 
development of a rugged control device 
with flexible rate variation, using the 
conventional volumetric meter as the 
sensing device. 

The integration of the two require- 
ments—that of recording or determin- 
ing rate of flow with respect to time 
of day by the wholesaler, and that of 
controlling rate of flow by the pur- 
chaser—would involve common use of 
the rate meter and recording device. 
Thus, the wholesaler would use the 
customary volumetric meters only for 
the purpose of measuring total volume 
used. The control of rate need not 
be exact, and inaccuracies even up to 
5 per cent may not be too serious. 
From the standpoint of administering 
the account, it would be better if there 
were only one rate-of-flow determining 
device, jointly maintained and checked 
by both parties. This would avoid 


conflicts which might occur because of 
disagreement between separately main- 
tained and operated rate-of-flow devices. 

For reasonably accurate rate meas- 
urement and control, the use of some 
form of differential type meter appears 
to be the only recourse. 


Since the 
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process of control involves throttling 
for most operating conditions, the use 
d. 


FACILITIES 


of an orifice meter can be justifies 
Such a meter offers great flexibility in 
that the orifice size can readily be | 
changed and the range of control can 
therefore be broadened at low cost. 
Consideration must also be given to 
the characteristics of the control valve, 
but these are generally not as restric- 
tive as the range of a single orifice. 
Figure 1 shows an arrangement of — 
control limited to a possible range of 
10 to 1 if a single orifice is used and 
head losses are to be kept reasonable. 
By changing the orifice plate, this 
range could be extended to the limita- 
tion of the range of the control valve, 
which might be as high as 20 to 1 with 
a butterfly valve, and higher for char- 
acterized globe types. With a venturi 
meter being used, the range of the sys- 
tem could be extended to possibly 20 
to 1 with a single chart and with no 
changes being required as the demand 
on the facility increases. 
The range of control required of an 
installation will depend on the char- 
acteristics of the system it serves. 
Normally, the restrictions on maximum 
rate of input will occur during summer 
months. During the other months of 
the year there probably will be no 
penalty charges. If the supply, sub- 
ject to demand or penalty rates, is the ; 
only source and if equalizing storage 
is available, the control might be 
signed fora 3tolrange witha2tol 
growth range superimposed, making _ 
the total range 6 to 1. This is not a 
troublesome range for which to design. 
If the community has another sup- 
ply and the purchased supply, subject 
to demand and penalty rates, is aux- 
iliary, the range of control required can 
be extreme. This is true for the in- 
stallation described in this article, 
which is for the city of Kirkwood, Mo., 
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a suburb of St. Louis. Kirkwood has 
a plant on the Meramec River and 
a connection for a portion of its supply 
from the system of the St. Louis 
County Water Company. The type of 
rate offered for service gives oppor- 
tunity to benefit from the limited water 
use which might occur in a wet sum- 
mer. In such a situation, little supple- 
mental water would be needed because 
the plant can supply all normal de- 
mands. Ina dry summer, a high rate 
of use from the auxiliary supply can 
be experienced with attendant high 
monthly charges for 12 subsequent 
months. When this situation is super- 
imposed on growth potential, which is 
here expected to be met by the aux- 
iliary supply, a range of control of 30 
or 40 to 1 is indicated. 

Because the required range was be- 
yond the practical limits of a single 
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orifice or venturi and a single-size con- 
trol valve, a dual-range installation was 
conceived. A schematic diagram of 
this installation is shown in Fig. 2. 
It has a single differential meter and 
controller with two orifice plates and 
air-operated butterfly valves. An ar- 
rangement using two orifice plates in- 
terchangeably in the same line was not 
considered desirable because dual con- 
trol valves were required and because 
the inconvenience of changing orifices 
was to be avoided. _ 

Methods of Control 

The problem of control can be di- 
vided into two separate categories. 
The first relates to integrating the 
facility into the water requirements of 
the user, and the second relates to the 
need for limiting the rate of input in 
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accordance with the stipulations of the 
demand or penalty restrictions. 

With regard to the first category, 
the means of control must satisfy the 
system characteristics. If the pur- 
chased supply is the sole supply to the 
community, the input must be con- 
trolled in conjunction with the equaliz- 
ing storage facilities of the system to 
keep the community adequately sup- 
plied at all times. This might mean 
level control of the pumping units or 
throttling control from the storage fa- 
cility. In this regard, the control can 
be made typical of those customarily 
used for automatic control of a supply. 

If, on the other hand, the purchased 
supply subject to demand or penalty 
rates is an auxiliary supply, a criterion 
of operation must be established, and 
this will probably be dependent on the 
individual circumstances. An _ auto- 
matic or semiautomatic control can be 
worked out using conventional com- 
ponents to meet almost any difficulty 
in coordinating the operation of the 
auxiliary supply with the principal 
supply. If, as is the case with the 
Kirkwood installation, the principal 
supply is an attended plant where full 
information is available through tele- 
metering circuits, the starting and 
stopping of pumping units at the pur- 
chased supply can be by remote con- 
trol. This method is simple and 
reliable. 

With regard to rate-of-flow control, 
there are many satisfactory systems. 
A demand or penalty rate will require 
that rate of flow be controlled with 
respect to time, and there will probably 
be seasonal and hourly stipulations. 

It is likely that only the summer 
season will involve flow limitations. 
In an area with climatic conditions 
typical of most of the United States 
it is probable that all months except 
June-September will be without re- 
strictions. 
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During the summer months, the rate 
will probably have a penalty for ex- 
cessive rates of input during the nor- 
mal peak sprinkling hours. The rate 
may possibly encourage depressing the 
rate of input during these hours to 
benefit the supplying system; lower 
rates for water service will probably 
result. The development of such op- 
portunity is inexpensive when a re- 
pump ground storage facility is avail- 
able. 

In the case of the Kirkwood situa- 
tion, a rate patterned after the large 
manufacturer rate of the St. Louis 
County Water Company was offered. 
The special rate, with the penalty stip- 
ulations that resulted, was designed to 
make the input characteristics of the 
Kirkwood connection perform in a 
similar way to that of a manufacturer. 
The stipulation was that the rate of 
input during the peak sprinkling pe- 
riod be dropped on a maximum day. 
The other facilities of the system—a 
repump storage facility, a standpipe, 
an elevated tank, and the separate plant 
gave opportunity to take advantage 
of this rate, which is $90 for the first 
60,000 cu ft or less per month, as reg- 
istered by meter; for quantities over 
60,000 cu ft per month, the rate is 10} 
cents per 100 cu ft. 

The rate carries a stipulation con- 
cerning minimum charge, which is that 
the maximum daily rate of usage during 
June—September shall not exceed twice 
the average daily rate for the month, 
and the maximum hourly rate of usage 
during the hours of 4 pmM-10 pM 
shall not exceed the average hourly 
rate during the monthly billing period. 
If these ratios are exceeded, however, 
the minimum charge during these 
months shall be based on the greater 
amount computed either as fifteen times 
the maximum daily usage occurring in 
the monthly billing period, expressed 
in cubic feet, or 30 times the maximum 
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hourly rate occurring between the 
hours of 4 pm and 10 pm during the 
monthly billing period, expressed in 
cubic feet per day. The minimum 
charge in any month shall be 60 per 
cent of the maximum charge calculated 
from the actual usage and rates of flow 
during any of the months of June— 
September in the 12-month period pre- 
_ ceding the month for which the bill 
is to be rendered, but not less than $90. 
The rate and time settings of the 
control must be determined by some- 
one in the consumer system. The set- 

_ tings should be determined on the basis 

_ of progressive changes in the water de- 
mand during the critical season estab- 
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lishing the minimum bill for the subse- 
quent period, as may be indicated in 
the rate. This operation requires that 
the person responsible visit the station 
and make the necessary setting for lim- 
iting the inflow which is_ possible 
through the remote or automatic con- 
trol operation of the facility. Nor- 
mally, the changes in settings would 
begin at the onset of summer and 
would continue from week to week, 
either upward or downward, to assure, 
first, that the minimum amount of 
water being established by rate stipu- 
lations is being used, and, second, that 
any increased settling is in conform- 
ance with the need for water and, 
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third, that rates of inflow during the 
penalty hours are not adversely affect- 
ing the cost of water. 

There are several possible methods 
of controlling rate, and a few are de- 
scribed as follows: 

1. A standard rate-of-flow controller, 
preferably air operated and with a time 
switch to change the control point at 
predescribed times during a 24-hr pe- 
riod, can be used. 

2. A standard rate-of-flow controller, 
preferably air operated, with a 24-hr 
cam for giving maximum flexibility in 
variations of flow and time components, 
can be used. This is the method of 
control used in the Kirkwood installa- 
tion, and is considered preferable to 
the method described above. 

3. Two separate controllers, possibly 
of the filter rate control type, and with 
a time switch to transfer from one to 
the other are used. This method is 
limited to the establishment of two 
flow rates for automatic control unless 
a resetting is made within the 24-hr 
period, and would seem to be costly and 
does not have the desired flexibility. 

4. If the rate stipulations are con- 
cerned only with average rates of flow 
during the noncritical hours of the day 
and only with instantaneous rates dur- 
ing the peak hours, a combination of 
time control and rate control can be 
used. Since a pump used for admit- 
ting water will have an output which 
will probably not vary more than 10- 
15 per cent, the use of a timer to limit 
the hours of operation during the non- 
critical period of the day would provide 
satisfactory control of average daily 
rate except for the usage during the 
peak hours. A separate pump, throt- 
tled to the desired peak rate, could be 
used to limit instantaneous rate during 
the peak hours. With suitable time 
switches, timers, and interlock, a re- 
mote operator could be prevented from 
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admitting more than a predescribed | 
maximum rate during the peak hours | 
subject to the 10-15 per cent variation | 
in pump output. This would seem to — 
be sufficiently close for most operation. — 

5. A desirable method of control 
would involve use of a scheme for 
which standardized and well developed _ 
components are not now available. — 
This method would use the volumetric — 


the control scheme and would not re- — 
quire conversion of the totalizer action d 


7 
meter of the supplier as the basis 
into rate indication to initiate control. ( 


Fig. 3. Butterfly Control Valves 


The top control valve is an 8-in. rubber- 
seated air-operated butterfly valve, and — 
the bottom one is a 4-in. butterfly valve. : 


This means of control would involve : 
the pacing of the rotation of the regis- 
ter in accordance with a pace-setting 
rotating device whose rate of rotation 
can be preset and controlled for the 
desired 24-hr demand schedule. The > 
control would be effected by a differ- 
ential device which would control the 
flow regulation valve to make the two 
rates of rotation the same at all times. 
It is conceivable that an air controller 
to operate a butterfly valve can be 
developed so that the accuracy of con- 
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trol could be maintained within a 
minute fraction of one revolution of 
the meter spindle. This means of con- 
trol would be much more accurate 
than any type of control which can be 
developed for orifice or venturi meter- 
ing. It would have advantage in that 
no additional metering would be neces- 
sary beyond the volumetric metering 
provided by the water supplier 
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schematic piping lay- 
out is shown in Fig. 2. 

The station contains four electrically 
driven pumping units, two at 400 gpm, 
one at 800 gpm, and one at 1,000 gpm. 
A dual gasoline-engine drive on the 
largest unit permits possible delivery 
of 1,500 gpm. The gasoline engine is 
entirely manual in its operation. 

The starting and stopping of pumps 


Fig. 4. Flow Chart Showing Effect of Air-operated 
Flow Controller 


Kirkwood Installation 
The Swan Pumping Station of Kirk- 
wood, Mo., is the point of input of the 
auxiliary supply purchased from the 
St. Louis County Water Company to 
supplement the supply from the mu- 
nicipally owned plant which has a ca- 
pacity of about 4 mgd. The facilities 
at the Swan Station have capacity for 
admitting about 2.5 mgd. The plant is 
located on the site of a 350,000-gal 


is remotely controlled over telephone 
circuits from the treatment plant about 
5 miles away, where operators are on 
duty 24 hr a day. Information on the 
system is telemetered to the plant, re- 
porting the level of the standpipe at 
the Swan Station, the level of the 
ground storage tank in the system, 
and the level of the elevated tank in 
the system. In addition, the plant has 
shutoff control of the pumps at the 
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ground storage installation which are 
started by a drop in pressure, and the 
system pressure can be determined at 
any time by telephone at police head- 
quarters in the heart of the distribu- 
tion system. 

The facility is housed in a ground 
floor pump station building at the high- 
est point in the city, designed to har- 
monize with the residential area where 
it is located. The standpipe at the 
location is about 50 years old and is 
somewhat out of harmony. 

The facility houses the meters of the 
St. Louis County Water Company, the 
altitude valve for the standpipe, the 
pumps and motors, control air com- 
pressor, and the electrical and control 
facilities. The building has a large 
ventilating fan thermostatically con- 
trolled to ventilate the building at tem- 
peratures in excess of 90°F to dissipate 
the heat from the motors. All input 
air (except when doors or windows 
may be opened) is filtered. The sta- 
tion is heated electrically with a 10-kw 
heater designed to maintain 40°F, ther- 
mostatically controlled, during the win- 
ter. A dehumidifier with timer control 
is provided to minimize condensation 
and moisture problems. An overhead 
traveling crane of 1-ton capacity is 
available for handling equipment in the 
station. 

A diagram of the control is shown 
in Fig. 2. The heart of the control is 
a cam-set, air-operated flow controller 
with mercury manometer using orifice 
meters as the primary device. The 
control is designed to operate over a 
range of about 40 to 1 and two orifices 
are therefore used. Each orifice has a 
separate control valve. The large ori- 
fice is in a 10-in. line and has an 8-in. 
rubber-seated, air-operated butterfly 
valve for control and the small orifice 
is in a 6-in. line and uses a 4-in. but- 
terfly valve. The large orifice covers 
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a range of 200-2,000 gpm, and the 
small orifice a range of 50-500 gpm. 
These control valves are shown in 
Fig. 3. 

The change from the large range to 
the small range and back is made sim- 
ply by a single transfer switch, as 
indicated in Fig. 2. The chart and 
cam must be changed at the same time. 
The transfer manipulation involves 


transferring the orifice connections and — 


the air output of the control instrument 
from one valve to the other. The 
valves are rubber seated and tight clos- 


ing, operating on loss of air pressure. — 


The transfer arrangement bleeds the 
air supply to the valve on the orifice 
line not to be used, thus closing it. 
The feature of closing on loss of air 
pressure makes the facility “fail-safe”’ 
in case of air failure, as the valves will 
close to assure that predescribed rates 
cannot be exceeded. The air con- 
troller is a typical standard air-oper- 
ated flow controller and is equipped 
with proportional band adjustment and 
automatic reset. The valves are ordi- 
nary rubber-seated butterfly valves 
with standard diaphragm air operators 
equipped with positioners. The valves 
can be manually controlled by air pres- 
sure from the controller or by means 
of a jack screw at the valve. The op- 
erating air pressure is 17 psi and the 
supply is from a $-hp compressor with 
tank. 

The cam-set feature of the controller 
consists of a separate case instrument 
with connecting link to operate the 
control-setting pointer and mechanism 
in the flow control instrument. The 
cam rotates once in 24 hr, just as does 
the chart of the recorder. The cam is 
cut by the user with a metal shears to 
any shape desired and the aluminum 
blanks furnished by the instrument 
manufacturers are calibrated and are 
exact replicas of the paper charts. The 
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very nature of the mechanism of the 
follower and cam arrangement makes 
it impractical to raise the setting in- 
stantaneously, and an inclined slope on 
the cam, taking from 5 min for small 
changes to 90 min for half of full-scale 
changes, is required. This seems to 
be the only serious disadvantage of this 
type of control. Drops in rate can be 
almost instantaneous, limited only by 
the speed of response of the control. 
An actual flow chart shown in Fig. 4 
illustrates the effectiveness of the cam 
in controlling the rate. 

The control instruments are mounted 
on a panel adjoining the power control 
center serving all of the 440-v electrical 
equipment. The instrument panel con- 
tains a clock, the cam-set air-operated 
ccontroller-recorder, an air pressure 
gage, the transmitter for tank level, 
and recording pressure gages on the 
supply and supplied systems. 

The cost of providing the control as 
installed in the Swan Station is not 
believed to be excessive. The pumping 
station was built in 1955 at a contract 
cost, exclusive of engineering, of $47,- 
000. The approximate cost of the 
control elements included in this proj- 
ect, exclusive of installation costs and 
the cost of the panel, were as follows: 


Cam-set recorder-controller 
Orifice plates 

Transfer switch and auxiliaries 
4-in control valve, complete 
10-in. control valve, complete 
Air compressor and filter 


Summary and Conclusions 


Modern living has increased the 
areas served by large water suppliers 
and has brought with it the wholesaling 
of water to suburban municipalities 
and water districts. Demand or pen- 
alty rates have thus become more 
common. 
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In order to purchase water at the 
minimum cost under such rates, con- 
trol facilities are necessary and, in ad- 
dition, the purchaser’s system must 
contain storage facilities in order that 
rates of input can be controlled to con- 
form to the demand or penalty condi- 
tion of the rate. 

Rugged and dependable demand or 
rate-indicating appurtenances to the 
conventional, high-accuracy, volumet- 
ric type of meter used for large cus- 
tomer metering are not available, re- 
tarding the application of demand 
rates. 

The problems of measuring, record 
ing, and controlling rate with respect 
to time can be solved to mutual advan 
tage by the water purveyor and uset 
by means of conventional and dependa. 
ble mass-produced control components 

The use of the cam-set air-operatec 
controller-recorder, as it is available 
from a number of industrial instrument 
manufacturers for this service, using 
an orifice or venturi primary device 
and butterfly valves for control, is < 
satisfactory and economical solution o! 
the problem. 

There is opportunity to develop < 
high-accuracy control using the con- 
ventional volumetric meter spindle ro- 
tation without converting such rotation 
into a rate. This would eliminate the 
need for an additional differential 
meter to develop rate or to convert 
the spindle rotation into instantaneous 
rate indication. To accomplish con- 
trol, a controllable pacing device can 
pace the meter spindle rotation and the 
deviation can regulate the control 
valve. Thus, accuracy could be con- 
trolled within a fraction of a revolution 
of the spindle. To the author’s knowl- 
edge, devices for accomplishing this 
method of control are not available 
in standardized production components 
adaptable to this problem of demand 
and penalty rates. 
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ROMPTED by a lack of specific 

information on the applicability, 
cost, and effectiveness of the diatomite 
filtration process for water purification, 
the studies described in this article 
have been conducted over a period of 
6-7 years. The tests themselves were 
first begun with pilot plant equipment 
having 1 sqft of filtering surface, and 
have since resulted in the installation 
of a 450-sq ft filter unit. This larger 
unit has now been operated for a suffi- 
ciently long period to make an analysis 
of its performance both useful and 
reliable. 

Early impetus was given to this proj- 
ect by the adoption of diatomaceous- 
earth filters for military use, as re- 
ported by Black and Spaulding (7) 
and Hollberg and Armbrust (2). The 
subsequent studies reported by Sanchis 
and Merrell (3) and Baumann and 
associates (4-6) added considerably to 
the available knowledge of the diato- 
mite filtration process. These latter 
studies, however, were made on pilot 
plant or laboratory scale equipment, 
and relatively little information on ac- 
tual operating-scale equipment is avail- 
able. Frazer (7) has presented some 
figures on diatomite usage in the opera- 
tion of potable-water plants in New 
York State. Except for these, how- 
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ever, few operating data are available. 
A number of papers have been pub- 
lished on various phases of filter design 
and installation (8-10), and a number 
of patents have been issued, primarily 
for means of backwashing diatomite 
filters (1/-14). The author (15, 16) 
has presented a general discussion of 
the diatomite filtration process. 

The work reported here was planned 
specifically to provide information on 
the capabilities and limitations of the 
diatomaceous-earth filtration process. 
It should be pointed out, however, that 
the data obtained apply to a single 
water supply over a relatively short 
base period. Acknowledging these 
limitations, data based on actual per- 
formance are presented. 


Comparison Plants 


A detailed description of the combined 
sand and diatomite filtration processes 
at the Johns-Manville Research Cen- 
ter was included in a recent article by 
the author (77). Only a brief descrip- 
tion, therefore, is included in the pres- 
ent study. Figure 1 is a schematic 
flow diagram of the combined plants. 
The sand and diatomite processes can 
be operated independently or inter- 
dependently, as dictated by prevailing 
conditions. 
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Sand Filter Backwash Pump 


Sand 
Filter 
Chemicals cl 
Waste Well. 
Sand = 
| Filter 
Raw-Water Pump 1 
Raw-Water Meter 


‘ 
Raw-Water Pump 2 


Raw-Water Pump 3 


\ 
Flow Contro! — 
Valve Diatomite Filter 
x sevice Water 
|Suspended-Solids Orifice 4 
1 Contact Unit 


Chlorine Diatomite Filters 


6 a Precoat Pot 


Filter Aid 
Transmitter 
Chlorine Eductor 


Fig. 1. Flow Diagram of Comparison Study Plant 


4 . 
Centrifugal pumps 1 and 2 lift raw water to suspended-solids contact unit. 


Pump 
delivers raw water directly to diatomite filters, or alternatively to suspended-solid: 


contact unit. Chemicals are fed proportionately to flow of raw water by eductor uni 
which adds chemicals as a slurry each time a set number of gallons passes throug] 
the meter. Pump A has dual function of: [1] providing recirculation through precoa 
i ; pots and filters to apply an initial coating to the diatomite filters before productive 


filtration begins; and [2] repumping the gravity overflow from the contact unit whe 
diatomite-filtered pretreated water is to be produced in place of diatomite-filtered raz 
water. 


Sand process. The sand filter proc- Diatomite process. The diatomite 

ess, originally installed in 1947, con- process consists of traveling screen 
sists of traveling screen, vertical lift vertical turbine pump, proportioning 


pumps, raw-water metering system, 
chlorinator, slurry pool coagulator with 
alum and limestone feeders, and two 
gravity rapid sand filters, each having 
250 sq ft of filter surface, a nominal 
=e of 500 gpm, and a normal work- 


ing rating of 700 gpm. 


chlorinator, continuous diatomite feec 
system, three 150-sq ft filters in paral- 
lel, and downstream metering of the 
filtered water. The nominal rating of 
the filters is 500 gpm with a normal 
working rating of 600-700 gpm. The 
diatomite filters have a closed circuit 
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bypass system from which an_ initial 
coating, or “precoat,” is applied, as 
shown in Fig. 2. A new precoat is 
applied at the start of every diatomite 
filtration cycle. 

Combined plants. Inasmuch as pre- 
treatment equipment is available and 
data on the diatomite filtration of pre- 
treated water desirable, an arrange- 
ment has been provided which permits 
the operation of the three diatomite 
filters as a unit instead of either of the 
two sand filters. Although the sand 
and diatomite processes are designed 
around separate clear well level con- 
trols, the combined processes can be 
operated solely by the sand filter plant 
controls. 


Water Supply 

The Raritan River basin the 
drainage area for the greater part of 
central New Jersey. All water re- 
ceived at the filtration plant is pumped 
from the main stream of the Raritan 
about 4 mile above its confluence with 
the Millstone River at Bound Brook. 
Data are not yet available for the spe- 
cific period dealt with in this study, 
but Fig. 3, which covers the period of 
the original pilot plant work, illustrates 
the flashy nature of the river. It has 
a rather broad range of flows and the 
effect of upstream rains seldom lasts 
more than 3-4 days and frequently no 
more than 24 hr. 

Between Feb. 1, 1955 and Jan. 31, 
1956, turbidity of the raw river water 
averaged 11 units within a range of 
2-800 units (by silica scale determina- 
tion), and color averaged 28 ppm 
within a range of 3-400 ppm. During 
this same period, the minimum flow 
was 32 mgd and the maximum flow 
was 15,500 mgd. The latter figure 
represents one of the highest recorded 
flows of the river and the former one 


is 
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of the lowest. Considerable industrial 
and residential building within the area 
of the Raritan River basin appears to | 
be accentuating the variations in river 
flow. This results in substantially 
higher flood levels for the same water 
volumes encountered only a few years 
ago. 

Another variable which should be 
noted in connection with the Raritan 
River its extreme temperature 
range. Winter temperatures consis-_ 
tently range close to 32°F and the daily © 
variation is frequently no more than 
1°F. Summer temperatures are 


high as 95°F with the daily drop as — | 


1S 


as 


much as 12°F below the daily maxi-_ 
mum. The temperature of the river | 
during the warm summer months, 
when it is at very low stage, is influ-— 
enced by the return of substantial — 
amounts of industrial condenser—cooling 
water. As might be expected, such — 
wide variations in temperature result 
in considerable biological growth, par- 
ticularly algal forms, and are usually 
accompanied by a pH shift which fol- | 
lows a daily pattern. 

Because of such wide variations in 
the character of the river a full year 
was considered to be the minimum 
period suitable as a data base. 


Objectives 


In planning the operational program — 
which would provide the comparative 
data for sand and diatomite processes, | 
it was recognized that two programs — 
are actually possible. 

The first program results in a stand-_ 
ard operating routine used by the regu- 
lar plant operators in regularly sched- 
uled operation. The conditions for 
such routine operation must be based > 
upon earlier experimental operation to 
determine the most desirable rates of 
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Head Loss 


8-in. Raw-Water 
Main 
Filter-iniet 
Valve 


Head Loss Recorder 


Recorder 


Flow 
Integrator 


Flowmeter-%} 


Recorder- 
Controller 
5-in. Flexible 
Valve ~ 
« 4-in. Flow Control Valve 


10-in. Waste 


+. 
-in. F 
tine 8-in. Filtered-Water Main 


Fig. 2. Individual Diatomite Filter Installation 


Schematic elevation drawing shows 8-in. raw-water main at lower left, bypass through 

precoat pot, normal flow through 4- and 5-in. feed line, passage through filter elements 

to filtered-water side of system and through flowmeter and controls to 8-in. filtered- 

water main at lower right. Each of three 150-sq ft filters has identical piping and 
controls. 


flow, rates of filter aid addition, and 
methods of filter aid addition, as well 
as to teach the operators the necessary 
routine. As the sand filter plant had 
already been in operation for a number 
of years, no changes were made in op- 
eration or operating routine; but in the 
diatomite plant, where a new process 
without an established routine was 
being undertaken, rates which were 
known to work, based on previous ex- 
perimental operation, were adopted for 


routine After adoption, 
they were allowed to stand unchanged 
for the duration of the routine operat- 
ing program. 

In addition, a search of the literature 
reveals a need for information on the 
effect of rate and similar variables upon 
operation of the diatomite process. It 
was proposed that a nonroutine test 
program also be set up to provide this 
additional information, with the recog- 
nition that there might be some hazard 


operation. 


- 


4 | 
1106 
wt 
us 
|. 
1 = 
(ae | 
\ 
: 


Sep.1956 


to the routine evaluation program. 
This nonroutine program could be ac- 
complished only because the water 
plant load is extremely heavy during 
the normal 5-day work week and al- 
most nonexistent on weekends. With 
a sand filter plant available to handle 
the load on weekends, the diatomite 
filters could be scheduled for such pur- 
poses as constant-rate filtrations and 
filter aid evaluations. As plant per- 
sonnel were required in any case, the 
cost of such additional experiments 
would be limited to filter aid, power, 
chlorine, and maintenance costs. 

Such a program was actually set up 
and operated to obtain nonroutine ex- 
perimental filtration data. As far as 
can be determined, the only factor in 
the routine program which was af- 
fected by nonroutine experimental op- 
erations was that of maintenance, and 
specifically the maintenance labor re- 
quired to open and clean filters when 
they became dirty. Use‘of this double 
program has not only made possible 
an understanding of the actual volume, 
costs, and quality of the water pro- 
duced, but also is permitting deter- 
mination of what further may be ac- 
complished by the process. 


Resulls of Routine Operations 


Establishment of the necessary ac- 
counting procedures, installation of 
necessary meters, and completion of 
training personnel permitted the be- 
ginning of routine operations for com- 
parison purposes on Feb. 1, 1955. 
The test period was continued through 
Jan. 31, 1956. During this period 
normal sand filtration operations were 
maintained, with the following excep- 
tion: the clear well level controls were 
set so that the diatomite filters, when 
in operation, received demand prefer- 
ence to provide the maximum amount 
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of operating time on stream. Under 
these conditions the sand filters pro- 
duced 134.6 mil gal of finished water, 
with no deduction for backwashing. 
During a part of the time that the 
sand filters were in operation, particu- 
larly when the Raritan River was 
muddy, the diatomite filters were oper- 
ated instead of one sand filter. The 
diatomite filters under these conditions 
produced 58 cycles a total of 24.6 
mil gal of finished water before back- 
washing. The diatomite filters also 
produced by direct filtration of chlo- 
rinated raw water a total of 80.7 mil 
gal in 173 cycles. 


Finished-Water Quality 


No visible or measurable color or 


turbidity was found in the finished 
water from any of the three processes 
under routine sampling by water plant 
personnel using regular water plant 
methods. All water is prechlorinated 
to the level necessary to provide a free 
chlorine residual of 0.2 ppm in the 
clear well. Under these conditions all 
tests from all three systems for coli- 
form organisms were negative. Chlo- 
rine residual is maintained at 0.2 ppm 


with the intent of having a zero re- — 


sidual at the points of ultimate distri- 
bution, thus protecting such equipment 
as the powerhouse demineralizer from 
possible chlorine damage, yet prevent- 
ing contamination of the system. As 
the water is not used for drinking, but 
supplies only development processes, 
boiler makeup, irrigation, and fire pro- 
tection demands, such a low residual 
is adequate. Positive coliform inocu- 
lations have occurred with occasional 
failure of a chlorinator, and decontami- 
nation has then been effected by hand 


feeding of calcium hypochlorite until , 


resumption of gas chlorination. 
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Finished-Water Cost 
Until this study was undertaken 


_ there were no means by which the cost 
of producing water could be deter- 
_ mined and set apart from the overall 
cost of supplying water. The overall 
figure includes such factors as the cost 
_ of high-level pumping and distribution, 
the cost of labor—whether productive 
or not (that is, labor required for Sat- 
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per cent of this distributed cost is re- 
quired to produce finished water in the 
clear well, as will be shown in some 
detail later. 


Comparative Costs 


It has been necessary to establish 
some arbitrary basis for comparison 
of the sand and diatomite filtration 
processes. Some costs, such as chemi- 


ih 


River Flow — mgd 


sss at en 
1949 
Fig. 3. 


Highly variable flows and short duration of effects of upstream precipitation are 

clearly indicated. Actual stream flows in excess of 1,000 mgd are not shown, but 

peaks of 15,000 mgd have been recorded. i 


‘a 
~ holiday operations 
when relatively little water is pro- 
duced )—and various similar overhead 
categories. Records show that in 1955 
the overall cost of water produced 
through the sand filter system was 
about $168 per million gallons dis- 
tributed, and through the diatomite 
system about $166. Experience has 
shown, however, that only about 25 


Stream Flow of Raritan River at Bound Brook, N.J. 


1950 


cals, filter aid, and power, can be ac- 
counted for directly, but for other costs 
it has been necessary to assume that 
each process is concerned only with 
production of finished water in a clear 
well. Subsequent distribution of fin- 
ished water would be the same for all 
purification processes. Similarly, plant 
capacity which would require the ulti- 
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but within the range of present opera- 
tions has been found to be similar in 
the case of both sand and diatomite 
filter operations. Thus, this factor too 
has been stripped from water produc- 
tion costs. The same considerations 
apply to such items as heating, lighting, 
and plant supervision. When followed 
to its end result, this leaves the sand 
filter process with ultimate costs re- 
sulting from initial cost of the plant, 
cost of chemicals (including chlorine), 
cost of power, cost of maintenance, and 
depreciation. Similarly, the diatomite 
process has ultimate costs resulting 
from cost of the plant, cost of filter aid, 
cost of power, cost of chlorine, cost of 
maintenance, and depreciation. If the 
diatomite filters are to handle pre- 
treated water, the additional cost of 
pretreatment equipment and chemicals 
must also be included. These factors 
then represent the basic costs for each 
of the three processes and a compari- 
son of them should provide a defensi- 
ble economic analysis of all three 
processes. 

From the costs accumulated in rou- 
tine operations, tables of stripped costs 
have been prepared for each of the 
three processes—diatomite filtration of 
raw water, diatomite filtration of pre- 
treated water, and sand filtration—for 
which operating data are available. 
Tables 1-3 show costs for each of the 
three processes based upon operating 
data, where possible, and upon detailed 
engineering estimates prepared to de- 
termine the capital investment require- 
ments of each of the three processes. 


Power 


In comparing these costs it should 
be noted that, although the chemical 
and filter aid costs shown are those 
which have been directly accumulated, 
the power requirement includes only 
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that part of the metered power which, 
by calculation, was determined neces- 
sary to overcome the resistance of the 
respective filter media. The method 
of making this calculation is illustrated | 
graphically in Fig. 4. This power ad- 
justment is based upon the same logic 
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Upstream Filter Piping Loss 
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Fig. 4. Power Used by Diatomite Filter 


Graphic solution of power consumption 
within diatomite filter circuit is shown. 
Data are from a cycle in which a single 
filter was operated at 477 gpm, resulting 
in a short cycle and relatively rapid in- 
crease in head loss. Solution is similar 
for diatomite filters in parallel or for sand 
filters. | Ordinate represents pressure 
available at the filter inlet, which is only 
a part of the total discharge head 
(TDH) as determined from the pump 
characteristic curve. TDH has been cor- 
rected for inefficiency of pump and 
driver. At constant rate, obtained 

downstream throttling of the fiter, the 
power use is constant and at any time is 
the sum of the various components 
shown. Friction losses were carefully 
computed, and actual power use is within 
10 per cent computed power use. 
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Costs for Diatomite Filtration of Prechlorinated Raw Water* 
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Estimated Building and Equipment Cost, Maintenance, and Amortization 


Item Cost 
te 

Raw-water handling equipment | $ 42,261 

Pretreatment equipment 
Filters 49,523 
Accessories for filters My 19,606 
Building and storagef 50,240 

Bond issue$ 
Subtotal $161,630 


Amortization Maintenance 
Annual 

Rate Rate ates 
% Amount % Amount 

4 $1,690 t $1,002 $ 2,692 

4 1,981 t 1,159 3,140 

4 784 t 474 1,258 
2.5 1,256 2 1,005 2,261 
— 1.5 2,424 2,424 
— $5,711 — $6,064 $11,775 

| 


Estimated Chemical, Filter Aid, and Power Cost 


Item Cost /mil gal Annual Expense 

Chlorination chemicals $ 1.137 $ 637 
Filter aid || : sD 

Type A ; 4.20 2,352 

Type B i 17.70 9,912 
Power ($0.75/kwhr) 1.275 

Subtotal $24.312 $13,615 

Total Estimated Cost 


$25,390 


* Based on 2-mgd installed capacity and annual production of 560 mil gal. 


Costs do not include labor, super- 


vision, building lighting and heating, or cost of installing or operating distribution equipment beyond clear well. 
Where actual costs are not available, maintenance charges have been estimated at a minimum of 1.5 per cent. 
t Cost of a 40 X 24-ft steel and corrugated asbestos-cement structure, including external clear well, but not 


including suspended-solids contact basin. 


hree per cent bond issue on total cost of building and equipment (estimated to average 1.5 per cent of 


$161,630). 


Filter aids used were: Type A, Hyflo Super-Cel; Type B, Celite 503. 


of Johns-Manville Products Corp., New York. 


as was used in accounting for labor 
and distribution—that is to say, power 
used solely for lifting water from one 
elevation to another or overcoming line 
friction losses would be required by 
any process, whereas the concern of 
this discussion with those costs 
which are uniquely assessable to the 
individual processes. 


is 


Buildings and Equipment 


The unique-cost approach has also 
been used in preparing the engineering 
estimates of plant cost for the respec- 
tive processes. All equipment req- 
uired for the functional operation of 


Both are diatomaceous-earth products 


each process has been included. As 
the fundamental nature of sand and 
diatomite filters is different, however, 
the structures required to house them 
may also be fundamentally different, 
and this has been taken into account. 
For the sand filters a larger structure is 
required, and conventional reinforced- 
concrete and brick construction has 
been used. As diatomite filters are 
much lighter and more compact, 
reinforced-concrete foundations and 
floors, with steel and _ corrugated 
asbestos-cement siding and external 
storage have been used. The life of 
either type of construction is in excess 


va 
| 
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7 TABLE 2 
Costs for Diatomite Filtration of Pretreated Water* 


Estimated Building and Equipment Cost, Maintenance, and Amortization 


Amortization Maintenance 


Annual 

Item ~— Cost Expense 
Rate Rate 

0 


Raw-water handling equipment | $ 42,156 $1,686 $ 2,688 
Pretreatment equipment 29,265 10 2,927 5 
Filters 7 49,523 4 1,981 
Accessories for filters 19,606 784 
Building and storaget 61,240 J 1,531 
Bond issue§ — 

Subtotal $201,790 $8,909 


Amount Amount 


Estimated Chemical, Filter Aid, and Power Cost 


Item Cost/mil gal 


Chlorination chemicals $ 1.78 
Flocculation chemicals: | 
Alum 3.00 
Limestone or # 1.28 
Filter aid ||: 
Type A 4.50 


Type C 13.60 
Power ($0.75/kwhr) 1.30 
Subtotal $25.46 


Total Estimated Cost 


* Based on 2-mgd installed capacity and annual production of 560 mil gal. Costs do not include labor, super- 
vision, building lighting and heating, or cost of installing or operating distribution equipment beyond clear well. 

+ Where actual costs are not available, maintenance charges have been estimated at a minimum of 1.5 per cent. 

t Cost of a 40 X 24-ft steel and corrugated asbestos-cement structure, including suspended-solids contact 
basin and external clear well. 

§ Three per cent bond issue on total cost of building and equipment (estimated to average 1.5 per cent of 
$201,790). 

|| Filter aids used were: Type A, Hyflo Super-Cel; Type C, Celite 535. Both are diatomaceous-earth products bs 
of Johns-Manville Products Corp., New York. 


of 40 years, by which time obsoles- Amortization and Depreciation 
cence will probably be a more signifi- 
cant factor than the structural life of of the invested capital a return of 3 
the buildings. As the plant upon jer cent, the common current rate for — 
which the data were accumulated in- municipal bonds, has been used. For 
cludes a slurry pool coagulator, simi- the purposes of these calculations con- 

lar equipment external to the main  tinuing amortization of the declining- - 
buildings was included in the estimates — halance type results in an actual over- Pa 
where applicable. Prices used for all all interest rate of 1.5 per cent, which | 

the estimates were those in effect in is the figure actually appearing in the 
October 1955, based on actual quota- tables. Depreciation, on the other 
tions at that time. hand, is based upon the best estimate = 


For purposes of computing the cost 


: 
ah 
| 
ay 
$ 997 
a 1,680 
» 
2,520 
7,616 - 
$14,258 
$30,679 
foal 
4 
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TABLE 3 
Costs for Sand Filtration of Pretreated Water* 
Estimated Building and Equipment Cost, Maintenance, and Amortization 
Amortization Maintenance 
as Rate Amount Rye Amount 

Raw-water handling equipment | $ 57,140 4 | $2,286 | ft $ 857 $ 3,143 
Pretreatment equipment 40,995 10 4,100 + 625 4,725 
Filters 11,445 229 | Tf 172 401 
Accessories for filters 11,726 4 469 + 176 645 
Building and storaget - 175,285 25 4,382 2 3,506 7,888 
Bond issue§ - 1.5 4,449 4,449 
Subtotal $296,591 $11,466 — $9,785 $21,251 


Estimated Chemical and Power Cost 


Item Cost/mil gal Annual Expense 
Chlorination onde als $1.780 $ 997 
Flocculation chemicals: Le 
Alum 3.00 4 1 680 
Limestone 1.28 717 
Power ($0.75/kwhr) 0.675 bz, 378 
Subtotal $6.735 $ 3,772 
Total Estimated Cost $25,023 


* Based on 2-mgd installed capacity and annual production of 560 mil gal. 


Costs do not include labor, super- 


vision, building lighting and heating, or cost of installing or operating distribution equipment beyond clear well. 
/here actual costs are not available, maintenance charges have been estimated at a minimum of 1.5 per cent. 


¢ Cost of a 40 X 40-ft brick and reinforced-concrete structure, 


and clear well beneath building. 


including suspended-solids contact basin 


Three per cent bond issue on total cost of building and equipment (estimated to average 1.5 per cent of 


§ 
$296,591). 


of the life of the individual capital 
items. For many of these items, such 
as diatomite filters, there are not yet 
accurate depreciation figures, but for 
most other items standard tables have 
been used (18). Where applicable, 
US Bureau of Internal Revenue codes 
have also been used. Every effort has 
been made to assure that these figures 
are conservative. 


Maintenance 


Determination of maintenance costs 
presents some unexpected problems. 
In a new plant, especially one in which 
the process and equipment are new or 
unique in terms of general industry 


practice, maintenance charges derived 
from minor alterations necessary to 
make the process work smoothly, or 
from cleaning up the mess resulting 
from operator training errors, may 
cause an appreciable increase in an- 
nual maintenance charges. After such 
an initial period, however, maintenance 
charges would be expected to level off 
and remain relatively constant except 
for expected occasional maintenance on 
heavy pieces of equipment. Such has 
been the experience with the sand filter 
plant being used for comparison. The 
plant has been in service for 9 years 
during which no more than routine 
maintenance has been required until 
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this year. Now the flocculating equip- 
ment, sand filters, valves, actuators, 
and operating tables are undergoing 
thorough renovation. Sand filter 
maintenance cost therefore has been 
computed as annual accumulated main- 
tenance charges plus a prorated por- 
tion of the major overhaul expense. 
With diatomite filters the expe-ience 
has been somewhat different. There 
was a period of higher initial expense 


7.0 


VERSUS SAND 
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The remainder of the diatomite filter 
system consists of standard compo- 
nents, such as pumps, valves, and pipe, 
for which normal maintenance require- 
ments have been experienced. Main- 
tenance costs on the diatomite filters 
themselves may be reduced through the 
use of other septum materials, other 
backwashing techniques, or better filter- 
cleaning techniques. The costs shown 
are those actually accumulated during 


Filter Aid Cost- ¢/ 1,000 gal 


Total Filter Aid . 


> 


Body Feed Filter Aid Constant 


Precoat Filter Aid Cost 
4 


1.0 15 


Water Produced per Cycle-mil gal 
Fig. 5. Comparison of Precoat and Body Feed Filter Aid Cost 


Precoat cost is amortized over the total volume of water to be 


filtered, 
changed. 


while the continuous feed level remains relatively un- 
Cycles shorter than 250,000 gal (based on 50 lb per 


precoat application) cause a high filter aid cost. 


such as is typical of any new plant, and 
most of this expense was incurred be- 
fore the base period used for computa- 
tion in this report. But these diatomite 
filters seem to require a continuing 
higher maintenance, largely because of 
the need for periodic opening and 
cleaning of the filters themselves. 
More than half the accumulated main- 
tenance charges shown for diatomite 
filters are caused by this single factor. 


the test period. As it is presently im- 
possible to differentiate between main- 
tenance costs attributable to diatomite 
filtration of raw and pretreated water, 
identical costs have been assumed for 


Chlorination 


Chlorine for 


prechlorination has 
been shown as a separate item because, 


although both sand and diatomite sys- - 
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- tems have the same residual in the fin- 
_ ished water, only about 60 per cent as 
~much chlorine is required when diatom- 
ite filters are filtering raw water di- 
rectly. Chlorine demand of the raw 
water varies seasonally as well as with 
the daily condition of the river and, as 
might be expected, the difference in 
chlorine requirements of the two sys- 
tems fluctuates in a similar manner. 
_ The diatomite process, however, may 
require as little as 45 per cent of the 

chlorine required by the sand _ filter 
_ process and seldom exceeds 75 per 
cent. The additional chlorine require- 
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in the operation of the sand filter plant 
over the past several years. 


Filter Aid 


The major operating cost of diato 
mite filters is the filter aid itself. Th 
costs shown are those actually accumu 
lated during the filtration of 80.7 mi 
gal of raw water and 24.6 mil gal o 
pretreated water. No attempt wa 
made to regulate filter aid usag 
On the contrary, the opposit 
philosophy—that enough filter  aic 
should be used to keep the station op 


closely. 


equally expended in the flocculating 
equipment and in the sand beds them- 
selves. It might be expected that some 
chlorine saving would result from the 
diatomite filtration of pretreated water, 
but experience to date has been too 
limited to establish this point definitely. 
Chemical costs other than chlorine 
represent actual costs accumulated dur- 
ing the pretreatment of 159.2 mil gal 
during the test period. These costs are 
assumed to be identical whether the 
pretreated water is to be filtered by 
sand or by diatomite. These chemical 
costs are ae to those obtained 


TABLE 4 
Filter Aid Use for Raw-Water Filtration 
Body Total 
P t “soe Bod 
Cycles Throwghput| “Fiter | | Reed 
mil gal Aid $/mil gal Aid Cost Cost 
tons pie $/mil gal | $/mil ga! 
All cycles 80.722 | 4.416 4.20 16.877 17.70 21.90 
Cycles of less than 0.25-mil 
gal throughput 4.759 0.842 13.56 1.158 20.61 34.17 
Cycles of more than 0.75-mil | 
gal throughput | 26.373 0.550 1.60 3.995 12.83 | 14.43 
All cycles less short cycles | 75.963 3.575 3.61 5.720 | 17.53 21.14 
| 
ment of the sand filter plant is about erating smoothly—was adhered to. 


There is little question that better filter 
aid costs could be achieved, but costs 
shown are those actually obtained. 

In discussing filter aid costs it should 
be recognized that filter aid is used in 
two ways: [1] as precoat, in which a 
definite weight of material is applied to 
the filtering surface prior to the actual 
start of production and [2] as body 
feed, in which a continuous feed of fil- 
ter aid is maintained proportional to 
the amount and nature of the 
pended solids to be removed. Figure 5 
illustrates the effect of these separate 
filter aid usages. It is particularly im- 


sus- 
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portant to note that the cost of the 
precoat must be amortized over the 
total volume filtered, which means 
there is a minimum economic cycle 
length, probably about 250,000 gal. 
Body feed, on the other hand, remains 
relatively constant for each thousand 
or million gallons filtered. Total filter 
aid cost is, of course, the sum of the 
precoat and body feed costs for any 
given cycle and it seems apparent that 
once the minimum economic limit has 
been reached only relatively minor fil- 
ter aid economies can result. Other 
economies (such as in power consump- 
tion and capital investment costs) re- 
sulting from long cycles will be dis- 
cussed later. 

As a first step in analyzing the filter 
aid performance of the diatomite filters 
the bar graphs shown as Fig. 6 and 7 
were prepared, the first to illustrate the 
filtration of raw water, the second, of 
pretreated water. A broken line sets 
off cycles in which less than 250,000 
gal was produced, Fig. 5 having sug- 
gested this production volume as the 
minimum at which precoat filter aid 
costs became reasonable. A _ second 
broken line sets off cycles which pro 
duced more than 750,000 gal. 

These cycles which are uneconomi- 
cally short represent various kinds of 
failures such as valve failures, filter 
aid feeder failures, filter aid failures, 
operator errors, and failure to recog- 
nize the need to have the filters opened 
and cleaned. Conversely, the ex- 
tremely long cycles represent an ulti- 
mate objective which will be reached 
on a regular basis only when presently 
unsolved problems, such as the attain- 
ment of 100 per cent backwashing ef- 
fectiveness, have been achieved. The 
majority of the runs which lie between 
the two extremes may be described as 
present normal operation. 
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To illustrate the effect of cycle | 
length upon operating costs, Table 4 | 
has been prepared. Using the data for — 
all cycles as a norm, the predicted cost 
of precoat filter aid for short cycles 
does substantially increase the total 
filter aid cost. Similarly, filter aid 


? 
cost for very long cycles decreases very 
little because of the additional cycle - 


Throughput per Cycle— 1,000 gal 


0 5 10 15 


Number of Cycles 


Fig. 6. Distribution of Water Produced 
per Cycle for Raw-Water Filtration 


producing 0-49,000 gal, 50,000-99,000 
gal, and so forth. The few cycles of more — 
than 1 mil gal are massed in the single 
bar at the bottom; of these, the longest — 


4 


cycle was 1.35 mil gal. 


length. In the last line of the table 
costs shown are those from which the 
cost of the short cycles has been ex- 
cluded. These might be regarded as 
a better basis for future performance — 
than the figures actually used, in which | 
all filter aid consumption was included. © 
For diatomite filtration of pretreated | 
water, it will be noted in Table 5 that — 


4. 
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filter aid costs are very nearly as high 
as for the filtration of raw water. This 
would not normally be expected. As 
with raw-water filtration (see Table 
4), filter aid costs for pretreated-water 
filtration were found to vary with cycle 
length. In addition, a factor not pre- 
viously discussed is applicable to 
pretreated-water filtration—the amount 
of floc carryover which must be re- 
moved by the filters. The slurry pool 
coagulator, when operated in balance 
and at constant rate, is capable of a 
high degree of pretreatment with very 
little carryover. Such equipment, 
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would become quite stable in time. 
Normal operating cycles, however, are 
about 1 hr and there are only occa- 
sional operating periods as long as 2 
hr. For the accumulation of the data 
now being discussed it was decided to 
carry a sufficiently high body feed rate 
to insure pretreated water filtration 
except in the most severe cases of floc 
carryover. Referring again to Fig. 7, 
the cycles in which throughput was 
greater than 750,000 gal represent pe- 
riods of unusually stable pretreatment 
operation, with some continuous filter 
aid feed rates of less than half the 


TABLE 5 
Filter Aid Use for Pretreated-Water Filtration 


Throughput 
mil gal 


Precoat 
Filter 
Aid 
tons 


Precoat 
Cost 
$/mil gal 


24.565 | 


All cycles 

Cycles of less than 0.25-mil 
gal throughput 

Cycles of more than 0.75-mil 
gal throughput 

All cycles less short cycles 


2.368 


8.658 
22.197 


1.441 
0.449 


0.200 2. 
0.992 3.35 3.25 | 


4.50 


16.68 


however, is generally affected by ther- 
mal upsets, and in the present case the 
equipment also has the further dis- 
advantage of necessarily being oper- 
ated intermittently. During cold win- 
ter months the solubility of alum is 
poor, with consequent “pinpoint’’ floc 
formation or after-precipitation. In 
the warm summer months the wide 
range of river water temperatures re- 
sults in an almost predictable daily 
boilup with consequent heavy carry- 
over. On rare occasions the 
equipment can be run continuously for 
several hours, operation has begun to 
level out and, if continued, presumably 


when 


average value. Now that the flocculat- 
ing equipment is newly reconditioned, 
it is hoped that additional experience 
with pretreated water in the diatomite 
filters will provide a sounder economic 
basis than that presented here. 

When all the costs which are re- 
flected by the foregoing variables are 
tabulated (see Table 6) for diatomite 
filtration of raw water, diatomite filtra- 
tion plus pretreatment, and sand filtra- 
tion plus pretreatment, the resulting 
costs per million gallons are $45.71, 
$55.22, and $45.31, respectively. For 
diatomite filtration of raw water and 
sand filtration plus pretreatment the 


4 
7 Body Bod Total 
Feed Filter 
“veles Feed 
Ov 
Fs tons $/mil gal $/mil gal 
| mm | (3.803 | 13.60 | 18.10 
449 | 16.65 | 31.21 
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figures are, for all practical purposes, 
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equal. The cost of diatomite filtration 
plus pretreatment reflects the high 
body feed cost encountered. The in- 


tent has been to make the diatomite 
figures maximal both as to operating 
costs and investment costs, and _ it 
seems probable that the best opportuni- 
ties for cost improvement lie with the 
two diatomite processes discussed. 


Other Investigations 


As suggested earlier, before the 
plant was put into operation a number 
of phases in the diatomite filtration 
process received attention. Within the 
l-year base period others were investi- 
gated on a purely experimental basis. 
Included were such items as improved 
methods for adequate intermixing of 
the filter aid, methods of filter aid feed- 
ing, degree of clarification effected by 
filter aids of various permeabilities, ef- 
fect of filter rate on volume of water 
produced per cycle, causes of filter 
element fouling, and improved meth- 
ods of cleaning fouled elements. Some 
of these are continuing studies and as 
reported herein should be considered 
progress reports. 

Filter Aid Mixing 


One of the first problems encoun- 
tered in the operation of the diatomite 
filters was the need for adequate mix- 
ing of the continuous filter aid feed 
throughout the entire volume of water 
to be filtered. In the filter station, all 
water to be filtered comes to the indi- 
vidual filters through a single 8-in. 
main. Originally filter aid was intro- 
duced in slurry form at a point some 
5 ft above the first filter takeoff. Al- 
though a number of differently de- 
signed injection nozzles and distribu- 
tors were tried, none succeeded in pro- 
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ducing a sufficiently uniform distribu- 
tion within the main to cause identical 
performance of all three filters. Sub- 
sequently, a system was set up in which 
the filter aid is injected as a slurry into 
the center of the main some 20 ft 
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Number of Cyctes 


Fig. 7. Distribution of Water Produced 
per Cycle for Diatomite Filtration 
of Pretreated Water 


before the filters, the intervening pipe 
including one 90-deg ell, one 45-deg 
ell, and a tee, all of which provide 
turbulence. Injection is accomplished 
through a l-in. bend which is faced 
with open end toward the source of 
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flow. At 600-700 gpm theeughh the 
8-in. main, flow through this injector 
averages 25-30 gpm. Since this sys- 
tem was installed, no difficulties have 
been encountered that could be traced 
to lack of adequate mixing of the filter 
~ This is true even though a num- 
ber of different grades of filter aid 
~ have been injected over a wide range 
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installation can be very serious becaust 
of the intermittent nature of the opera 
tion. It was therefore decided at the 
outset that some system of dry feedet 
combined with an eductor should be 
attempted. Initially, a dry feeder o 
the rotating-vane type, with both vari 
able rate of rotation and an adjustable 
opening to control the rate of feed, was 


of flow rates. installed. This feeder was finally 
100 T 
2 
50 
E 
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Elapsed Time-hr 
whe™) 
Fig. 8. Removal of Turbidity by Three Grades of Filter Aid gals 
Turbidity, which is an optical approximation of suspended ete 
solids and colloidal material, was determined by Tyndall a & 
meter. Unfiltered-water turbidity was low, averaging 5 units Eeiey « 
on the silica scale. Higher raw-water turbidities result in inh, 
substantially higher removal efficiencies but comparative data a 
for the three filter aids are not available. Sag in the Type C $6% 
curve results from a decrease in raw-water turbidity. Each 4, 


7 type of filter aid was used for both precoat and body feed. 
Another 


problem which received 
considerable attention because of early 
difficulties it caused was that of meter- 
ing a dependable continuous filter aid 
feed. At other company locations 
where diatomite filters are installed, 
agitated slurry tanks and various types 
of slurry pumps are used for the injec- 
tion of the filter aid into the system. 
Such pumps require considerable main- 
tenance and, more important, are sub- 
ject to stoppages which in the present 


abandoned when it was found to have 
two serious deficiencies: [1] it caused 
different grades of filter aids to be fed 
at widely different rates varying by as 
much as 10:1, and [2] it seriously 
damaged the structure of some filter 
aids, particularly the more permeable 
ones (which are also the more expen- 
sive grades). The next dry feeder 
tried was of the vibratory type, but it 
too provided widely variable feed rates 
for different grades of material and 
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sometimes wide variations within a 
single grade of material. For more 
than a year a new type of feeder which 
combines the functions of a vibrator 
and a screw has been in use for all 
diatomite filter operations (79). This 
feeder has effectively controlled the 
rate of filter aid feed and has per- 
mitted a high degree of reliance on 
the filter aid feed values. 

The filter aid feeder drops the me- 
tered filter aid (the normal feed rate 


TABLE 6 
Comparison of Diatomite and Sand Filter Stripped Costs* 
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pump. Slurry picked up by the educ- 
tor is fed into the main filter feed line 
as described earlier. The only feature 
of the eductor which is unique is the 
design of the jet nozzle, for which a 
stock l-in. cast-iron body is used. The 
nozzle itself must be designed for the 
conditions prevailing in a given instal- 
lation, but maintenance is extremely 
low and to date no nozzle has shown 
appreciable wear; even after 6 months 
the cast-iron bodies are serviceable. | 
cs 


Renin Diatomite Diatomite Rapid Sand 
Raw Water Pretreated Water Pretreated Water 
Installed Cost of Plant $161,630 $201,790 $296,591 
Operating Costs 
Chlorine = 637 997 997 i> 
Flocculating Chemicals 2,397 2,397 
Filter Aid 12,264 10,136 
Power 714 728 3718 
Maintenance 3,640 4,485 5,336 
Investment Costs 
Amortization 5,711 8,909 11,466 
Interest on Bonds 2,424 3,027 4,449 
Total Cost $25,390 $30,679 $25,023 ; 
Cost /mil gal 45.34 | $4.78 4468 
Cost/mil gal corrected for back- Dosage 
wash lossest 45.71 55.22 45.31 


* Based on 2-mgd installed capacity and annual production of 560 mil gal. 
+ Backwash losses for diatomite, 0.8 per cent; for sand, 1.4 per cent. 


for raw water is about } lb per minute) 
into a flooded funnel which is kept full 
of water by a float valve. The filter 
aid is dropped on an 8-mesh_ brass 
screen through which it is washed by 
the water entering the funnel. The 
screen protects against dropped objects 
or foreign material which might block 
the relatively small eductor openings. 
The filter aid, now in slurry form, is 
drawn into the suction of a 1-in. educ- 
tor which is powered by pressure from 
the filter feed main and a small booster 


The present combination of dry filter 
aid feeder, booster pump, and eductor 
has required remarkably little mainte- 
nance and appears to be sufficiently re- 
liable for general use. 


Permeability of Filter Aids 

The next phase of diatomite opera- 
tion to receive attention was selection 
of the proper grade or grades of filter 
aid. Diatomite filter aids are commer- 
cially available in about ten different 
permeabilities or flow rates, of which 
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the four or five most permeable grades 
appear to be applicable to water clari- 
fication. As permeability is a function 
of the size of filter aid particles and 
their interstices, it seems apparent that 
use of more permeable filter aids usu- 
ally will be accompanied by decreased 
filtrate clarity. Of course, if all sus- 
pended solids to be removed are coarse, 
7 a more permeable filter aid can be used 


100 


water several series of filter runs wer 
made, with the results shown in Fig. 
and 9. Both raw- and filtered-wate 
samples were evaluated by a Tynda 
meter (20), which uses the scattere 
light picked up at 90 deg related t 
the incident light as a measure of sus 
pended solids. If a sample of rav 
water contains 100 particles evenl: 
ranged between coarse and fine, eacl 
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Turbidity Removed- % of estimated weight 
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wo 


without sacrificing clarity. Conversely, 
_semicolloidal solids are so fine 
that they can be removed only by the 
least permeable filter aids. In most 
surface waters, suspended solids pre- 
sent a broad and variable range of 
particle sizes; hence, some particular 
‘i ; grade of filter aid will provide optimum 
removal. 

To determine which grades of filter 
aid are best adapted for Raritan River 


Three Grades of Filter Aid ne a 


25 5 75 10 12.5 15 175 em 
Elapsed Time —-hr 
Fig. 9. Estimated Removal of Suspended Solids by an 


Removal is higher than in Fig. 8 because all coarse material, = 
which represents most of the weight of the suspended solids, oot 
has been removed. 


of the suspended particles is capabl 
of reflecting some light at 90 deg anc 
the total value of this light may b 
arbitrarily set at 100 light units. Fil 
tration of this same raw water may re 
move the 75 largest particles with ; 
resultant reduction in the amount o 
reflected light measured at 90 deg 
After filtration, the light value may 
be reduced to 20-25 light units, bu 
the weight of suspended solids remain 
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ing is far less because the larger and 
heavier particles were removed by fil- 
tration. It is estimated that the 
weight factor for the remaining light 
units of the results shown in Fig. 8 is 
only about 10 per cent. If these re- 
sults are then replotted (as in Fig. 
9) as percentage of weight removed, 
a better measure of removal efficiency 
is provided. 

It is interesting to note that all three 
filter aids * shown have a somewhat 
lower initial-removal efficiency and 
several hours are required to reach a 
stable removal level. With Type C, 
the most permeable of the three grades 
used, the subsequent fluctuations in re- 
moval efficiency resulted largely from 
fluctuations in raw-water quality rather 
than filtered-water quality; that is, a 
decrease of suspended solids in the raw 
water which did not at once produce 
a corresponding decrease of suspended 
solids in the filtered water would pro- 
duce an apparent decrease in the per- 
centage of material removed, even 
though the filtered-water quality might 
not have decreased. Continuing stud- 
ies indicated that Type C was particu- 
larly susceptible to raw-water vari- 
ations, and Type B was therefore se- 
lected as the regular body feed grade 
for raw-water filtration. To overcome 
the lower initial clarification with Type 
B, less permeable Type A is always 
used for the initial precoat. This ar- 
rangement has the added advantage of 
providing the filtering elements with 
the least penetrable coating. 

Filtration of pretreated water usu- 
ally involves the removal of only rela- 


* Diatomaceous-earth filter aids used were: 
Type A, Hyflo Super-Cel; Type B, Celite 
503; and Type C, Celite 535. All are prod- 


ucts of Johns-Manville Products Corp., New 
York. 
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tively coarse floc carryover. As might 
be expected, a relatively permeable 
grade of filter aid can be used for pre- 
treated water. Floc trapped in the 
filter cake remains active, just as it 
does in a sand filter, and removal effi- 
ciencies are extremely high, even 
though pretreatment may be partially 
ineffective. In diatomite-filtered pre- 
treated water, concentration of residual 
suspended solids is below the limits of 
detection. While some sand-filtered 
samples are equally well clarified, this 
has not been true consistently, and 
during cold periods when solubility of 
alum is a real problem there is fre- 
quent, though seldom serious, carry- 
over. For pretreated-water filtration 
through the diatomite filters, Type C 
is used for continuous body feed. To 
reduce to a minimum the possibility 
of floc penetration of the precoat, Type 
A is also used for this initiz iting. 


Filtration Rates 


il 


The question of what filtration rate 
is the most economical for diatomite 
filtration of water is a perennial one. 
When the present plant was designed, 
some flexibility was specifically pro- 
vided to permit studies of this impor- 
tant point. Provision was made for 
control of flow rates through the range 
of 0.5 to more than 3 gpm per square 
foot. In routine operations, the filters 
operate at 600-700 gpm or 1.3-1.5 
gpm per square foot, as experience has 
determined that this is a “comfortable” 
rate. Experimental operations were 
undertaken at various other rates, how- 
ever, and under conditions which 
avoided the complications produced by 
intermittent operation. Three series 
of runs were made with three different 
grades of filter aid during a period in 


prev 
= 


which the river flow was relatively 
stable; hence the results are thought 
to be comparable. These series are 
— in Fig. 10. It can be seen that 
decreases in rate bring about substan- 

- tial increases in throughput per cycle. 

_ In line with previous discussion, de- 
creases in rate thereby bring about de- 

creases in filter aid costs, particularly 
of the precoat filter aid. It should be 

_ pointed out, however, that decreases in 
ne rate also represent increases in capital 
cost. 

7 Actually, the results of the preceding 

three series of experimental runs were 
disappointing, as they did not correlate 

with earlier pilot plant experience. 

These latest experimental runs ap- 

peared to be influenced by partial foul- 

ing of the filter elements, which of 
course meant a decrease in usable fil- 
tering surface and corresponding in- 
crease in actual rate per square foot. 

To check this, filters were torn down 

and thoroughly cleaned by hand and 
reassembled, after which another series 

of experimental runs was undertaken 
with Type B filter aid. The results of 
this last series of runs are shown in 
together with the rescaled 


Fig. 10. There seems little question 
that the partial fouling of the elements 
had a substantial effect on the earlier 
If it assumed that the 


pri « toa 43 | per cent increase in fil- 


apparent 


a = rate per square foot of available 
7 area, it will be found that the earlier 
curve approximately coincides with 

satisfactorily extends the curve 
. made by data from the clean filters. 

From these results it is 

an that, although the rate per nominal 
7 square foot of filtering area is impor- 
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Fig. 10. Relationship of Filtering Rate 


to Throughput 


Three filter aids, used for both precoa 
and body feed on raw water, have a re 
lated total throughput per square foot, a 
a terminal net head loss of 10 psi, gener 
ally in proportion to the individual filtei 
aid permeabilities. These curves migh 
be expected to break back toward thé 
ordinate at very low rates but such rate. 
are impractical for the equipment used 


tant in the design of a diatomite filtra 
tion station, the problem of keeping 
the filters free from fouling is of equa 
or greater significance. It is also ap 
parent that operating cost resulting 
from partially fouled filters is not lim 
ited to the cost of opening the filter: 
and manually cleaning them. Indeed 
most of the very long cycles in Fig. ¢ 
and 7 were obtained after the filter: 
were cleaned. The importance of thi: 
factor is recognized and a progr am i 
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Curve C has been rescaled from Fig. 10. 
Curve D resulted from a series of filter- 
ing cycles run after the filters were newly 
cleaned. Adverse effect of element foul- 
7 ing is readily apparent. 


now being established to test not only 
other types of filter septum materials 
but also entire filters of different de- 
sign in an effort which could substan- 
tially improve the cost structure of 
diatomite filter operations. 

Another phase of this program is 
an investigation of chemical cleaning 
methods for diatomite filters with the 
same objective of reducing costs. 


Conclusions 

The present study was undertaken 
for the specific purpose of providing a 
basis for the comparison of the diato- 
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mite filtration and conventional sand 
filtration for the clarification of water. 
A period of 1 year of operation for 
each type of plant on the same water 
supply has been used as a basis of com- 
paring operating costs. Other charges 
related to the nature of the processes 
have been calculated either from actual 
maintenance figures or from reproduc- 
tion costs of plants of identical capacity 
considering only the water clarification 
processes. Based on these estimates, 


the cost of diatomite filtration of raw | 


water is approximately equal to the 
cost of sand filtration plus pretreat- 
ment. The costs of diatomite filtration 
plus pretreatment under the prevail- 
ing conditions were found to be some- 
what higher. 

Certain key points in the diatomite 
filtration process have been discussed 
and evidence has been presented indi- 
cating that substantial improvements 
in the cost picture are possible. 
is probably more nearly true of the 
relatively new diatomite process than 
of the conventional sand filtration proc- 
ess, which has already reached a high 
state of development. 

Water produced by the diatomite 


filtration process, whether prechlori- 


nated raw water or prechlorinated pre- 
treated water, has acceptable clarity 
and has consistently met bacteriologi- 
cal standards with no more than 0.2- 
ppm chlorine residual. 

The combined-filter installation re- 
mains in operation and additional data 
are being accumulated. Furthermore, 
attention is being given to specific 
phases of filter design and filter opera- 


This | 


tion from which it is expected that 


additional factual information will be- 
come available. It is hoped that other 
operators will in time provide correla- 
tive data. 
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A 
Economics of Sludge Removal From 
Rectangular Basins at Chicago 
Fred G. Gordon 
_ A paper presented on May 7, 1956, at the Diamond Jubilee Confer- 


ence, St. Louis, Mo., by Fred G. Gordon, Asst. Chief Engr., Bureau of 


HIS article reports a study made 

at Chicago of the cost of sludge 
removal from filter plant settling basins 
and the comparative effects of manual 
and mechanical methods on_ plant 
operation. 

The three rectangular settling basins 
of the Chicago South District Filtra- 
tion Plant are equipped with sludge 
scrapers serving one-third their total 
area. In the areas not served by 
scrapers, sludge is removed by hand, 
usually in the spring and fall. The 
scrapers were installed about 2 years 
after the plant was placed in operation. 
Prior to their installation the basins 
were cleaned three times a year. Be- 
cause only two-thirds of the settling- 
basin capacity is available when one 
of the basins is being cleaned, shorter 
detention time and higher velocities are 
required, adversely affecting the op- 
eration of the entire plant. More 
chemicals are used, and filter runs are 
shortened. Experience with the scrap- 
ers now in service has shown a major 
reduction in the annual inoperative 
period of each basin. Installation of 
additional scrapers to serve the un- 
equipped area of the basins would still 
further reduce the inoperative period 
of each basin and would eliminate most 
of the hand-cleaning costs. Opposed 
to these various advantages are the 


maintenance costs and debt service 


Eng., Dept. of Public Works, Chicago, Ill. 


this study covers an admittedly spe- 


cial situation, certain of the data pre- 


sented may be useful in 
sedimentation-basin performance and 
its effect on plant operation. 


Physical Plant 


The three settling basins are double- 
decked parallel-flow structures. Each 
basin is 500 ft long and 138 ft wide. 
The height of the lower basin from the 
top of the lower floor to the underside 
of the intermediate floor is 16.08 ft. 
The overflow in the upper basin is 
16.54 ft above the average elevation 
of the intermediate floor. Both floors 


slope 1 ft from side wall to side wall. 


runs the length of one side wall. The 
first eight bays of each basin are 
equipped with sludge scrapers. Each 
of the eight scrapers serves both decks 
by traveling transversely across the 


upper deck to a chute leading to the 


lower deck and then across the lower 
deck to the collecting channel at the 
side wall. Cross collectors in this 
channel move the sludge to a sump 
from which it is pumped to the dis- 
charge point. During manual clean- 
ing, sludge is hosed to the collecting 
channel. 

Water is conditioned for settling in 
double-decked mixing channels in 
which the direction of flow is parallel 
to the horizontal shaft of the rotating 
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mixing paddles. Detention periods 
and nominal velocities at the plant rat- 
ing of 320 mgd are shown in Table 1. 


Plant Operation 


_ The hydraulics of the tunnel system 
connecting the plant and the three 
South District pumping stations make 
it desirable to maintain a high level in 

: the filtered-water reservoir. This is 
accomplished by the use of automatic 
controllers on filter units. The filters 
therefore—with the exception of cer- 
tain fixed-rate units—follow the de- 
mand very closely. The low-lift 
pumps, operated without throttling, 
follow the demand by steps or blocks. 
The difference between the demand by 
_ the filters and the pumpage is absorbed 


TABLE 1 


Detention Periods and Velocities at 
Plant Rating of 320 mgd 


Basins in Service Detention Time Velocity 
hr Spm 
3settling 3.6 2.32 
2 settling : 2.4 3.48 
3 mixing 0.84 14 34 
2 mixing (0.56 21.51 


— the mixing and settling basins and 
their connecting channels. On a typi- 
cal hot summer day there may be three 
pump changes within 24 hr, with a 
variation of water level in the filtered- 
water reservoir of 1 ft and a variation 
of less than 2 ft in the settling basins. 
On such a day the low-lift pumpage 
between 11:30 pm and 6:30 am may 
be at a 255-mgd rate, or 70 per cent 
of the average rate for the day; be- 
tween 6:30 am and 10:30 am, at a 
370-mgd rate or 102 per cent of the 
daily average; and for the remainder 
of the day at a 420-mgd rate, or 115 
per cent of the daily average. Such a 
schedule results in wide variations in 
settling-basin velocities in short inter- 
vals of time. 
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Since 1951 the average daily pump- 
age for the year has exceeded the nomi- 
nal plant rating of 320 mgd. For 1955 
this was 354.8 mgd. The maximum 
day’s pumpage, which occurred in 
1953, was 488 mil gal. The rate on 
the maximum hour of the maximum 
day was 546 mgd. 


Results of Scraper Installation 


The delay in the sludge scraper 
installation permitted a _before-and- 
after comparison to be made of the 
amount of sludge accumulated between 
cleanings. 

Observations were made of un- 
drained and drained sludge depths 
whenever a basin was cleaned. The 
data on the undrained sludge depths 
were obtained by measuring markings 
on the columns which indicated depths 
of sludge when the basin was full of 
water. Table 2 shows average obser- 
vations over a 6-year period. 

In general it was found that un- 
drained sludge depths in the upper 
basins were less than in the lower 
basins by about 15 per cent, presuma- 
bly due to the varying water level in 
the upper basins. This was true both 
before and after the installation of 
sludge scrapers over the first one-third 
of the area of both basins. The drained 
sludge, however, did not follow this 
relationship. Before installation of the 
equipment, the drained sludge depths 
in the upper basins were less than 
those in the lower basins by 52 per 
cent. After installation of the equip- 


ment, the drained-sludge depths in the 
upper basins were less than those in the 
lower basins by 38 per cent. These fig- 
ures would indicate a sludge of higher 
water content in the upper basins than 
in the lower, but with an improved re- 
lationship after the equipment installa- 


x 
= 
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tion. Both drained and undrained 
sludge showed a quite uniform taper- 
ing off in depth from scraper area to 
outlet. After the installation of scrap- 
ers, the depths at the outlet were ap- 
proximately one-third of those adja- 
cent to the area served by the scrapers. 

Additional data on sludge accumula- 
tion is furnished by Mrva (1), who 
compares three cleanings in 1946 
(prior to scraper installation) with 
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ers the direct labor required for clean- 
ing basins dropped from 47.6 to 19.0 
man-hr per 1,000 mil gal passing 
through the basins. | 


Shutdown Time 

The total cleaning period for the 
three basins has averaged 74 days per 
year. This time would be materially 
reduced—but not eliminated—if scrap- 
ers were installed in the entire settling- 


TABLE 2 
Average Sludge Depths Before and After Scraper Installaticn 


Depth of Sludge—/t 


Distance From Inlet 


Before Installation* 


After Installationt 


Undrained Drained Undrained Drained 
Lower Basins 
20 6.2 3.3 t t ; 
160 7.1 3.6 5.2 2.5 . 
; 340 4.9 2.3 3.9 1.6 
460 3.9 1.6 1.8 0.8 
Upper Basins 
20 5.1 1.8 t Rass 
Tas 160 5.7 1.5 4.8 
340 4.8 1.1 2.8 0.9 
3.2 0.7 1.5 0.5 


was 176. 
t Location of scraper. 


two cleanings in 1952. His data are 
summarized in Table 3. Mrva found 
that prior to the scraper installation 
the volume of drained sludge was 0.5 
cuyd per 1 milgal of water passed 
through the basins. After the installa- 
tion, the amount of sludge in the area 
not served by scrapers dropped to a 
little less than 0.16 cu yd per 1 mil gal 
of water. On the installation of scrap- 


* Maximum period covered: August 1945—March 1948. 
t Maximum period covered: January 1948—-November 1951. 


Average number of days between cleanings was 128. 
Average number of days between cleanings 


basin area. Maintenance on the slow- 
and rapid-mix equipment and on the 
sludge scrapers would require shutting 
down each basin at least once a year. 
It is probable that 5 or 6 days per basin 
would be required to dewater, perform 
the necessary inspection and mainte- 
nance work, partially fill the basin with — 
heavily chlorinated water, and then 
backflush with treated settled water. 


4 


If this total period were assumed to be 
14 days, then, with a complete scraper 
installation, shutdown time for all 
_ basins would be reduced 60 days per 


Complete Mechanical Removal 


In forecasting savings with com- 
plete sludge removal equipment, esti- 
mates are required of the reduction in 
— labor, chemicals, and wash water costs. 
The labor item may be determined 
from data already presented. 

va The chemical and wash water sav- 


ings can be estimated by comparing 
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Sludge Quantities and Cleaning Labor Before and After Scraper Installation* 
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two basins and ferrous sulfate in the 
remaining basin) was fairly uniform. 
The 42 days per year considered (or 
a total of 126 days for the 3 years) 
tend to minimize the effects of such 
variables as microorganisms, turbidity, 
pumpage and temperature. 

Table 4 shows the results of the 
study. With three clean basins in 
service, wash water usage decreased 
from 2.7 to 2.3 per cent; filter runs 
rose from 16.9 to 22.7 hr; removal of 
microorganisms increased from 84 to 
88 per cent; and reduction of turbidity 
rose from 64 to 68 per cent. The 


cu yd 


_ are in service with normal operation 


Fx 


7 the beginning and the other at the end 

of the cleaning period—were averaged 
- determine performance with two 
basins. For three basins, a 7-day pe- 
riod following resumption of normal 
operations was used. 

Statistical data cover the years 
1953-1955, during which period the 
chemical treatment employed (split 
treatment using aluminum sulfate in 


Item 1946 1952 
_ Number of cleanings 3 2 
Average period between cleanings—days 166 
Total volume through basinst—mil gal oe 147,919 ; 117,627 
Total drained sludge—cu yd 73,331 18,395 
~ Volume drained sludge per 1-mil gal throughput— 
0.496 0.156 
Total direct labor—man-hr 7,047 2,232 
_ Labor per 1,000 mil gal—man-hr 47.6 19.0 
_ Volume drained sludge per man-hour—cu yd 10.4 8.2 
* Data from Mrva (/). ; 
T Period covered does not correspond to calendar year. 7 
operating results when two basins only amount of lime, ferrous sulfate, and 


chlorine used per 1 mil gal of water 
treated decreased. More aluminum 
sulfate was required, as it was applied 
to two-thirds of the water rather than 
half. The decreased cost of chemicals 
and wash water under these conditions 
is estimated at $63 per day. Applying 
the previously determined 60-day re- 
duction in basin shutdown time to the 
estimated saving of $63 per day, the 
total annual saving in chemicals and 
wash water is $3,780. The elimina- 
tion of hand labor—with mechanical 


— 
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TABLE 4 


Average of 7-Day Periods During and Following 
Cleaning of Settling Basins, 1953-1955 


Item 3 Basins | 2 Basins 
Average daily pumpage 
mgd $38.21 337.7 
Average number of micro- 
organisms 
Raw water—per ml 1,000 923 
Settled water—per ml 124 149 


Percentage removal 88 84 


Average turbidity—ppm 
Raw water 6.5 8.7 
Settled water 2.1 3.1 
Percentage reduction 68 64 
Average filter runs—hr 22.7 16.9 
Wash water usage—per cent 2.3 24 
Chemicals applied—/b/mil 
gal* 
Aluminum sulfate 61 48 
Lime 23 29 
Ferrous sulfate 28 44 
Chlorine (oxidation) 3.7 5.8 


* Total pumpage. 


sludge removal from all basins—is esti- 
mated to save $3,800 annually. Thus 
the total annual saving for reduced 
wash water and chemicals and the 
elimination of hand labor for cleaning 
is $7,580. 

To effect the foregoing reduction in 
labor, chemical, and wash water costs, 
sludge removal equipment must be in- 
stalled and maintained. Assuming 8 
per cent for fixed charges, mainte- 
nance, and operation, a capital expen- 
diture of up to $95,000 would be justi- 
fied for such an installation. 

The existing sludge scrapers, which 
serve one-third of the basins, cost 
$210,000 installed. Current costs 
would be about $510,000 for the same 
equipment or approximately $1,000,000 
for the equipment required to serve 
all of the basin area. If such equip- 
ment were installed, the net annual in- 


crease in operating expenses and fixed 
charges would be $72,420.* 

Obviously, on the basis of this esti- 
mate alone, there is no justification for 
the installation of further sludge re- 
moval equipment. Before a final con- 
clusion is reached, consideration must 
be given to possible improved opera- 
tion resulting from continuous sludge 
removal. To analyze this, some study 
of what happens between present clean- 
ings is required. 


Operation Before Cleaning 
Actually there is little evidence to 
indicate that plant operation is im- 


TABLE 5 


= Monthly Operation Between Cleanings of 
4 Settling Basins, 1953-1955* 


Jul. 


396.8 
13.2 


Item 


Pumpage— med 
Filter runs—hr 
Microorganisms 
Raw water— per ml 
Settled water—per ml 222 154 58 | 62 
Percentage removal 85 84 86 | 87 
Turbidity 


Raw water— ppm 3.7 4.0 3.7; 40 
Settled water—ppm 2.0 2.3 2.2 2.0 
Percentage removal 46 42 40 50 


* Figures show 3-year averages for months indicated 


paired as the result of sludge accumu- 
lating in the settling basins between 


*In a discussion of this paper from the 
floor, Oscar Gullans, Chief Water Chemical 
Engineer of the South District plant, stated 
that the present practice of starting removal 

of sludge immediately after drainage of the | 
basin has reduced the shutdown time for 
cleaning below the average time shown in 
the paper. Direct hours of labor per unit: 

of sludge have not been reduced. The esti- 
mated savings in chemicals and wash water, 
with complete mechanical cleaning, would 

be decreased for any reduction in cleaning 
time below the average time shown. The 
net effect of this reduction would be to de- — 
crease the savings resulting from installa- 
tion of the mechanical scrapers. 
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June, July, August, and September for 
the years 1953-1955. (Spring clean- 
ing is completed in April or May, and 


cleanings. If such were the case it 
would be apparent in the efficiency of 
operation of three freshly cleaned 


basins as contrasted with the same 
basins just prior to the next cleaning. 
The 3-year averages (1953-1955) of 
the 7-day periods just after the three 
clean basins went into service and 
just before one basin was withdrawn 
for cleaning show somewhat better ef- 
ficiencies for the clean basins when 
judged by the percentage removal of 
microorganisms and turbidity. The 


TABLE 6 


Relationship of Occurrence of Microorganisms in Raw Water 
to Average Water Temperatures, 1953-1955 


fall cleaning begins in October.) 
Averages are shown in Table 5. 
Several interesting facts are dis- 
closed by this compilation. The long- 
est filter run occurred in August, when 
the microorganism counts were the 
lowest. Percentage removal of both 
microorganisms and turbidity in the 
settling basins was better in September 
than in any one of the other 3 months, 


1953 1954 1955 3-year Avg 
Micro- Temper- Micro- Temper- Micro- | Temper- Micro- Temper 
organisms ature organisms ature organisms | ature organisms ature 
per m °F per ml | °F per ml °, per ml °F 
1,113 33 696 | 33 1445 | 33 1,085 33 
655 33 521 35 893 | 32 690 33 
646 34 675 35 1,139 34 820 34 
906 43 1,013 44 1,037 43 985 43 
1,238 52 1,050 51 1,544 §2 1,277 52 
1,935 61 1,131 55 1,488 54 1,518 57 
1,298 62 723 66 823 68 948 65 
470 70 283 71 493 72 415 71 
554 66 481 67 421 66 485 66 
1,110 60 992 56 799 56 967 57 
1,101 49 1,587 48 1,910 43 1,533 47 
846 39 1,949 36 2,214 32 1,670 36 
989 50 | 925 | 50 1,184 | 49 1,033 | 50 


clean basins removed 88 per cent of the 
microorganisms, the dirty basins 86 
per cent. The clean basins removed 
68 per cent of the turbidtity, the dirty 
basins 65 per cent. Interestingly 


enough, filter runs were longer for the 
dirty basins but this resulted from 
lower microorganism counts in the raw 
water reaching the basins. 

Additional and probably more sub- 
stantial evidence is offered by average 


although this was the month immedi- 
ately prior to the fali cleaning. The 
overriding effect of microorganisms in 
the settled water on length of filter 
runs is shown by the short filter runs 
in June and July when the average 
runs were 11.6 and 13.2 hr, respect- 
ively. It seems probable that the main- 
tained efficiency in the settling basins 
over the summer months resulted from 


the depth of the basins. Even with 
sludge accumulations there still re- 
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mained a minimum of 11 ft of water 
above the highest sludge deposition. 
The city of Chicago has under con- 
struction at the present time a 30-mil 
gal reservoir at the terminal of the 
Western Avenue tunnel and is taking 
bids on a new tunnel in 79th Street. 
These will improve the hydraulics of 
the South District system sufficiently 
to permit filter plant operation at a uni- 
form daily rate with hourly variations 
in consumption absorbed in the filtered- 
water and storage reservoirs. These 


SLUDGE REMOVAL COSTS 


years ago of the relationship of tobi 
ity and microorganisms in the settled. 
water to the length of filter runs. 
These data are derived from the daily 
records for 2 years, or 730 observa-_ 
tions, during which time the average 
umpage was 308 mgd. 

pumpag 


1. This study relates specifically to 
rectangular settling-basin operation in 
double-decked, parallel-flow structures 


TABLE 7 


Relationship of Microorganisms and Turbidity in Settled Water to Average Length of Filter Runs, — 
Jul. 1, 1948-Jun. 30, 1950* 


Turbidity 


Microorganisms per ml: 


ppm 


50-99 | 


100-149 150-199 


Average Length of Filter Run—hr 


0-0.99 
1.0-1.99 
2.0-2.99 
3.0 and more 

Weighted Avg 


32.4 
28.3 
27.5 
25.6t 
29.5 


28.4 
27.4 
24.5 
27.6T 
27.1 


23.2 
22.0 
25.4 
16.1t 
22.6 


22.7 
18.6 
15.3t 
8.8t 
18.9 


* Average throughput, 308 med. 
t Less than ten observations. 


improvements, although designed for 
other reasons, should help settling- 
basin performance if the commonly ac- 
cepted theory that basins should oper- 
ate at a uniform rate is correct. 


Microorganisms 


Because microorganisms play a pre- 
dominant part in filter plant operation 
at Chicago, supplemental information 
on their occurrence is included in Table 
6. This table shows monthly averages 
of their occurrence in the raw water 
during the past 3 years. Also included 
as Table 7 is a study made several 


with Lake Michigan water under loads 
in excess of nominal plant rating and — 
at extremely variable rates. : 


2. Installation and operation of me-— 
chanical sludge removal equipment in — 
one-third of the settling basin area re- 
duced drained sediment, requiring hand 
cleaning, by 68 per cent. 

3. Before installation of equipment, 
undrained-sludge depths in the upper 
section of the three double-decked, 
parallel-flow basins averaged 85 pe 
cent of depths in the lower sections. 
Drained-sludge depths averaged 48 per 
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of filter 


4. After installation of equipment in 
the first third of the upper and lower 
sections of the basins the undrained- 
sludge depths in the unequipped upper 
sections averaged 83 per cent of depths 
in the similar lower sections. Drained- 
sludge depths averaged 62 per cent. 

5. Shutdown time for cleaning 
basins can be reduced from 20 per cent 
of the year to less than 4 per cent by 
installing complete sludge removal 
equipment. 

6. Net annual increase in operating 
expenses and fixed charges with com- 
plete sludge removal equipment is esti- 
mated at $72,420. 

7. Plant operation is apparently not 
impaired by accumulation of sludge be- 
tween cleanings. 

8. Length of filter runs is largely 
dependent on the number of micro- 
organisms in settled water. During 
months of maximum pumpage (June, 
July, August, and September 1953 
1955) the average number of micro- 
organisms in the settled water varied 
from 58 to 222, with the average length 
runs ern from 11.6 to 27.4 
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hr. Average pumpage during these 
months varied from 120 to 124 per 
cent of nominal plant rating. The 
maximum day’s pumpage was 153 per 
cent of nominal plant rating and the 
maximum hour was 165 per cent. 


Source of Data 


Statistical data used (other than 
from Mrva) are from daily logs and 
monthly and annual reports of the De- 
partment of Water and Sewers, James 
W. Jardine, Commissioner. The Bu- 
reau of Water—W. W. DeBerard, 
Chief Water Engineer, and H. H. Ger- 
stein, Assistant Chief Water Engineer 
—through its Division of Water Puri- 
fication, J. R. Baylis, Engineer, oper- 
ates the South District Filtration 
Plant, with Oscar Gullans in immedi- 
ate charge and J. C. Vaughn as his 
assistant. 
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OR the control of algae in water 
F intended for domestic and indus- 
trial uses, only two basic chemicals— 
copper sulfate and chlorine—are com- 
monly recommended (/, p. 110). This 
is in contrast to the rapidly increasing 
number of chemicals which are being 
made available for the control of vari- 
ous pests in commodities other than 
water. Many varieties of fungicides, 
bactericides, insecticides, and _herbi- 
cides are being approved for use in 
fighting disease in humans, domestic 
animals, and agricultural crops, or 
in preventing loss quality in 
foods, fibers, and many manufactured 
products. 

The development of new algicides 
has lagged behind the discovery of 
other pesticides for several reasons. 
First, the price of water to the con- 
sumer is so low that only the applica- 
tion of an inexpensive algicide is eco- 
nomically possible. For example, ac- 
tidione, an antibiotic substance isolated 
from the beers of  streptomycin- 
producing organisms, appears to be 
very effective at a concentration of 2 
ppm in preventing the growth of many 
of the green algae which are resistant 
to copper sulfate. At a cost of sev- 


of 


eral dollars per gram, however, it is 
obviously not the answer for treatment 
in 


of these algae waters, 


Evaluation of New Algicides 
Water Supply Purposes 


C. Mervin Palmer 


A paper presented on May 7, 1956, at the Diamond Jubilee Confer- 
ence, St. Louis, Mo., by C. Mervin Palmer, Research Biologist In 
_ Charge, Interference Organisms Studies, Water Supply & Water Pol- 
lution Program, Robert A. Taft San. Eng. Center, USPHS, Cin- 


may be very useful in the research _ 
laboratory in removing the green alga, 
Chlorella, from cultures of blue-green’ 
algae. ; 
Secondly, the procedures for mass — 
screening of algicides were not devel- 
oped until recently, primarily because 
few of the algae were available as pure 
cultures, which are required for the 
establishment of reliable laboratory 
screening tests for new algicides (2). _ 
This condition is still true for a con- — _ 
siderable number of the algae which 
cause most of the problems in the water — 
supply. It is still impossible to grow | 
such algae as Synura, Dinobryon, 
Spirogyra, Asterionella, Coelosphae- 
rium, Synedra, and Fragilaria in pure 
cultures satisfactory for the screening 
tests. 
The third reason why acceptable 
algicides are so limited is that a chemi- 
cal that is nontoxic to humans as well 
as to fish is required. Although mer- 
curic chloride and lead arsenate may 
be used to control organisms even on 
fruits which are eventually to be used 
for human consumption, they are not 
likely to be recommended for use in 
water supplies, in spite of the fact that 
they are effective in controlling algae. 
Finally, in general practice, no dis- 
tinction has been made between the 
algae which need to be controlled and ~ 


ve 
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those which are causing no problems. 
Better records of the particular forms 
which are actually causing problems 
will allow the use of selective algicides 
in local situations where the offending 
algae may be concentrated, or, in a 

mixed algae population, in low concen- 


trations just sufficient to control the 
algae for which the particular algicide 


is known to be effective. po 


Future Possibilities 


The initial research on algicides to 
date has proceeded far enough to indi- 
cate promising possibilities for the fu- 
ture. Included among the groups of 
chemicals which show promise are the 
quaternary ammonium compounds, the 
“an rosin amines, the quinones, activated 
_ silver, urea compounds, chlorophenates, 
antibiotics, organic zinc, modified cop- 
per compounds, and modified chlorine 
compounds (3). Several commercial 
-_-products, containing one or more of 
these chemicals, are already on the 
market and advertised for use in con- 
trolling algae in swimming pools, cool- 


water. 


Quaternary Ammonium Compounds 


One of the quaternary ammonium 
compounds tested at the Sanitary En- 
gineering Center was particularly ef- 
fective against a number of the green 
; algae. At 1 and 2 ppm it controlled 
than twice as many kinds of 

- green algae as did copper sulfate and 
at 0.5 ppm it controlled 29 per cent of 
green algae while the same concentra- 
tion of copper sulfate controlled none. 

_ At this same concentration the quater- 
be nary ammonium compound was toxic 

to the filamentous green alga, Stigeo- 
 clonium, which is relatively resistant to 


—— If this compound should be 
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found to be toxic to other filamentous 
forms, such as Cladophora and 
Pithophora, it would have potentialities 
for use in controlling some of the most 
troublesome of the attached algae. 
This chemical appeared to be less toxic 
to fish than was copper sulfate, its 
48-hr median tolerance limit (TL,,) 
value being 0.65 ppm compared to 0.19 


ppm for copper sulfate. gee 


The rosin amine D sulfate has ex- 
hibited some selective toxicity for cer- 
tain diatoms while the rosin amine D 
acetate was more general in its algi- 
cidal properties. The latter at 2 ppm 
controlled 90 per cent of all algae 
tested, compared to only 53 per cent 
controlled by the same concentration of 
copper sulfate. At 0.5 ppm the rosin 
amine controlled more than 3 times as 
many of the algae as did the copper 
sulfate. Fish toxicity tests indicated 
that in like concentrations of the active 
ingredient the rosin amine was possi- 
bly no more toxic to the fish than was 
copper sulfate. Like the copper sul- 
fate, however, its effectiveness seems 
to vary in waters of different pH, 
hardness, and other factors. a 

> 


Rosin Amines 


Ouinones 


The quinones have been studied by 
Fitzgerald, Gerloff, and Skoog (4), 
who have demonstrated that 2,3- 
dichloronaphthoquinone is_ selectively 
lethal in exceedingly low concentra- 
tions to certain bloom-producing blue- 
green algae. Several compounds of the 
quinone type are toxic in concentra- 
tions of less than 1 ppm. Tests at the 
Sanitary Engineering Center indicated 
that 2,3-dichloronaphthoquinone was 
clearly the most selective of the algi- 
cides which have been tried. At 0.5 


— 
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ppm it controlled 28 per cent of the 
blue-green algae under test without 
being toxic to any of the diatoms and 
green algae. Its lack of toxicity to 
green algae is striking. Even at 16 
ppm it had little or no effect on the 
growth of 50 per cent of the green 
algae while controlling all of the blue- 
green algae tested. In alkaline water 
the chemical has a tendency to be modi- 
fied so that it becomes less effective 
than it would be in neutral or acid 
waters. 


Activated Silver 


Colloidal or “activated” silver has 
been made available commercially and 
advertised as an algicide to be used at 
concentrations of up to 20 ppm of the 
gross material. Tests which were 
made with one sample, using 2 ppm 
on cultures of algae, showed no effect 
on green algae and diatoms. It did 
retard growth of some blue-green algae 
temporarily. Another sample of col- 
loidal silver described as containing 33 
per cent silver nitrate was tested at 
various dilutions on cultures of algae. 
The lowest concentration which pro- 
hibited the growth of all the cultures 
was 1.25 ppm of the gross material. 
When it was added to actively growing 
cultures of algae the amount which 
was required to destroy the algae was 
higher. The diatom, Nitzschia, for 
example, was prevented from develop- 
ing in media containing 0.31 ppm, but 
an actively growing culture was not 
destroyed, even when the concentra- 
tion of the colloidal silver material was 
raised to 5 ppm. Until it is possible 
to ascertain the amount of colloidal sil- 
ver present in the substance, however, 
it is impossible to give accurate figures 
on the algicidal properties of the active 
ingredient. The tendency of the silver 
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nitrate to cling to glass surfaces also 
makes it difficult to conduct reliable 


tests in the laboratory. 
Urea Compound 


The urea compound, 3-(p-chloro- 
phenol)-1,1-dimethylurea, commonly 
known as CMU, has a reputation for 
being toxic to practically all plants 
and relatively nontoxic to animals. 
Tests on algae indicate that it is an 
effective general algicide at concentra- 
tions of a few parts per million. If it 
is used, however, there is the danger 
that it will also destroy trees, shrubs, 
grass, and other plants with which it 
may come into contact through seepage 
or drainage into the surrounding soil. 


Chlorophenate 


A few years ago sodium pentachlo- 
rophenate was described as a chemical 
particularly toxic to algae, but unsafe 
for treatment of domestic water sup- 
plies or for swimming pools (5). 
Tests on cultures of algae, however, 
have indicated that a concentration of 
1.5 ppm only temporarily retarded the 
growth of several algae and had no 
effect on the green alga, Chlorella. It 
is considered to be stable in alkaline 
waters and not subject to reduction of 
its effectiveness in water of high pH. 


Antibiotics 


It was found rather unexpectedly 
that streptomycin, neomycin, terramy- 
cin, and certain other antibiotics were 
particularly effective against the blue- 
green algae (6) while actidione, re- 
ferred to earlier, was selectively toxic 
to certain green algae and diatoms. In 
the case of streptomycin, the growth of 
100 per cent of all the cultures of blue- 
green algae was inhibited by 1 pg/ml 
of pure base. 
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18 
per cent of the green algae. A con- 
centration as low as 0.015 pg/ml re- 
tarded the growth of 25 per cent of 
the blue-green algae. It is conceivable 
that the natural production of anti- 
biotics by aquatic streptomycetes and 
other organisms in the water may serve 
to modify drastically the growth of 
certain algae in water supplies. Some 


interactions of organisms in water to 
encourage the desirable forms in their 
battles with the undesirables. 


The organic zinc compound, zinc 
dimethyl dithiocarbamate (ZDD), has 
proved to be one of the most effective 
general algicides among those tested. 
‘It inhibited the growth the blue- 
green alga, Microcystis, even at the 
lowest concentration used, 0.004 


ppm, it all of the di- 
atoms tested, together with 43 per cent 
of the blue-green algae and 18 per cent 
of the green algae. This made a total 
of 40 per cent of all algae tested, while 
five other promising algicides—includ- 
copper sulfate—controlled 0-20 per 
cent, at the same concentration. The 
one great drawback to ZDD, however, 
Is its high toxicity to fish. In the 
Sanitary Engineering Center tests, the 
a hr TL, value for this compound 
was 0.008 ppm, while for copper sul- 
fate it was 0.18. This high toxicity to 
_ would obviously limit its useful- 
ness as an algicide except in closed sys- 
tems, or possibly in isolated cases as a 
selective algicide in very low concen- 
trations. The official Food and Drug 
Administration tolerance for ZDD 
for fruits and vegetables is 7 ppm, 
which is similar to that listed for DDT, 
-toxaphene, and lead arsenate (7). 
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The closely related compound, ferric 
dimethyldithiocarbamate, is also algi- 
cidal, but other investigators have 
found that it may cause damage to fish 
tissues when used at 0.5 ppm (8). 
The screening of a large number of 
compounds closely related to ZDD 
might uncover a safe and effective new 
algicide. 
Copper and Chlorine Compounds 
Copper sulfate is much less effective 
against algae in hard water than in soft 
water because it combines with calcium 
carbonate to form a precipitate of cop- 
per carbonate. For this reason, copper- 
citrate combinations, and others which 
tend to allow the copper to remain in 
solution in hard water, have been rec- 
ommended. Often one of their limita- 
tions is the relatively high cost. 
Copper and chlorine, when used to- 
gether, are frequently more effective 
than when either is used alone. Cupri- 
chloramine, a combination of copper, 
chlorine, and ammonia, has also been 
employed (1, p. 122; 9). More re- 
cently, chlorine dioxide has been 
tested and found to show promise as 
a general algicide (10). It is claimed 
to have the added advantage of reduc- 
ing some of the tastes and odors pro- 
duced by the algae. The cost of treat- 
ment is estimated to be much higher 
than that of copper sulfate or chlorine. 


Summary 

The screening tests for algicides 
thus far conducted serve to indicate 
that there are a number of chemical 
groups which contain compounds that 
are algicidal. The promising chemical 
groups include the inorganic salts, or- 
ganic salts, rosin amine compounds, 


antibiotics, quinones, substituted hy- 
drocarbons, quaternary ammonium 
compounds, amide derivatives, and 
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phenols. The algicides satisfactory 2. Parmer, C. Mervin & MALoNey, 
for use in domestic water supplies will Tuomas E. The Use of Algal Cul- 
ton tures in Experiments Concerned With 
‘ Water Supply Problems. Butler 
ply but nontoxic to animal life and to Univ. Botan. Studies, 11:87 (1953). 
plants other than algae. As these will 3. Parmer, C. Mervin & MALONEY, 
probably cost more per pound than the oo ee ee 
algicides now in use, they will prob- 
ably be used only where careful plank- 4. Frrzceratp, Groxce P. & Skooc, Foxe. 
ton records are kept, which would Control of Blue-Green Algae Blooms 
permit early localized treatment where 
I, . Wastes, 26:1136 (1954). 
records show that undesiral ew. Ind. Wastes, 26:1156 
ds sho lesirable 5. Nason, H. K. Chemical Methods in 
of algae are threatening to increase in Slime and Alese Control. Jour. 
numbers. Algicides which are selec- AWWA, 30:437 (Mar. 1938). 
tively toxic to the algae producing 6. Forer, Mitton J.; PAtmer, C. MERVIN ; 
tastes and odors, the filter-clogging Tuomas E. 
roperties o arious Antibiotics. 
algae, the bloom or slime producers, Antibiotics & Chemotherapy, 3:505 
and other interference types, would be (1953). 
particularly valuable. A promising 7. Anon. Official FDA Tolerances Listed. 
start has already been made in this 
direction but there are as yet no com Wa 


pletely new algicides which would ap- 
pear to be safe to recommend at pres- 
ent for use in public water supplies. 


References 


1. Water Quality and Treatment. Am. 
Wtr. Wks. Assn., New York (2nd ed., 
1950). 


10. 


. McIntyre, F. J. 


Farm Fishpond Investigations in New 

York State. Dingell-Johnson Quar- 

terly, p. 101 (Aug. 1954). 

Algae Control. Wer. 
& Sew. Wks., 96:186 (1949). 

RINGER, WALTER C. & CAMPBELL, SyYL- 
VESTER J. Use of Chlorine Dioxide for 


Algae Control at Philadelphia. Jour. 
AWWA, 47:740 (Aug. 1955). 


| | | 
‘ 


Factors Affecting Filtration Rates 
Herbert E. Hudson Jr. 
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proved by the committee on Jun. 5, 1956. mre. 


STRONG trend toward the use 

of filtration rates higher than the 
customary 2 gpm per square foot is 
apparent in current rapid sand filtra- 
tion design and operation. There is a 
great deal of evidence to support the 
desirability of this trend. Frequently, 
however, practice is following the trend 
quite indiscriminately. 

A sound decision on the rate of fil- 
tration for a given water purification 
plant requires consideration of [1] the 
desired effluent quality, [2] the char- 
acter of the applied water, [3] the size 
of the sand to be used, [4] the depth 
of the filter bed, and [5] the condition 


of the filter bed. 
Desired Effluent Quality 


The water leaving a_ purification 
plant must at all times be free of patho- 
genic organisms. In the early days of 
slow sand filtration the filter was the 
sole guardian of water quality. With 
the development of coagulation, sedi- 
mentation, and prechlorination, fol- 
lowed by rapid sand filtration and post- 
chlorination, this situation changed 
greatly. 

A modern rapid sand filtration plant 
contains a defense in depth against the 
passage of pathogenic organisms. The 
first line of defense is sedimentation 


1138 


The paper was prepared 


(which is aided by chemical treatments 
such as coagulation and softening). 
Usually the main line of resistance is 
chlorination, which is expected to de- 
stroy completely all pathogenic organ-— 
isms. The final defense, available if. 
there is penetration through or fail- 
ure of the main line of resistance, is’ 
filtration. Thus modern water puri- 
fication contains several defenses’ 
against the threat of disease-producing 
organisms. Because of this, filtration 
has come to be regarded as simply a_ 
polishing treatment that usually car- 
ries only a minor share of the burden | 
of protecting the public health. 

The defenses against waterborne dis- 
ease have their weak spots, caused by 
faulty design (as a result, usually, of a 
lack of information), by mechanical 
failures, and by human failures on the 
part of those who operate the treat- 
ment works. Because of these weak- 
nesses, complete reliance should not be 
placed on pretreatment and chlorina- 
tion when there is any substantial like- 
lihood of attack by disease-producing 
organisms. In addition, filtration is 
still the principal bulwark against mo- 
tile chlorine-resistant pathogens. 

Sound public health practice there- 
fore requires that the filtration process 
be capable of high effectiveness. Ex- 
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perience has taught that rapid sand 
filters having 2 ft of 0.5 mm sand, oper- 
ated to 8-ft loss of head at filtration 
rates of 2 gpm per square foot of filter 
area, usually provide safe water. The 
margin of safety provided by filtration 
under these conditions is unknown, 
however, and any liberalization of 
practice that may have an adverse ef- 
fect on filtered-water quality must be 
considered carefully. 

Fortunately, simultaneous failures of 
both filtration and chlorination are 
rare. It is therefore difficult to obtain 
bacterial data on filtration failures, and 
some other determination must be used 
to evaluate them. Since the object of 
filtration is to remove suspended mate- 
rial—including pathogenic organisms 
—from the water, it is reasonable to 
use determinations of the suspended 
matter in the filtered water as indexes 
of filtration effectiveness. There are 
several satisfactory methods for meas- 
uring suspended material in filtered 
water. 

In a recent paper, Baylis (1) sum- 
marized his experience in measuring 
the quality of filtered water. He 
pointed out that, owing to prechlorina- 
tion, the bacterial quality of the filtered 
water was uniformly excellent in trials 
of high-rate filtration at the Chicago 
South District Filtration Plant. He 
described results obtained with the 
Baylis turbidimeter, which measures 
colloidal turbidity to 0.1 unit, and 
with the floc turbidimeter. Baylis did 
not report on the “St. Louis” turbidi- 
meter, which appears capable of meas- 
urement of turbidity to 0.1 unit. All 
these devices rely on standards of tur- 
bidity which are laborious to prepare 
and use. 

Baylis found the cotton plug filter 
the most sensitive device for determin- 
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ing the amount of coagulated matter 
passing through the filters, and recom- 
mended its use generally for control of 
rapid sand filtration processes. Aver- 
ages of results indicate that the device — 
is sensitive to 0.001 ppm. The passage © 
of coagulated matter is most objection- 
able. It indicates unsatisfactory filter 
performance and leads to the accumu- 
lation in mains of sludge deposits that 
are subsequently scoured back into— 
suspension in times of high demand. 
Using turbidity measurement equip- 
ment of the type described, the — 
staff has striven to produce filtered © ‘ 
water completely free of floc and hav- 
ing a turbidity of less than 0.1 unit, and 
has succeeded in maintaining annual 
average turbidity, as determined by 
cotton plug filters, below 0.087 unit for — 
filters operated at rates of 5 gpm per 
square foot, with values as low as 0.028 © 
unit for filters at 2 gpm per square foot. 
The principal tools used for the attain- 
ment of this result were a lengthy floc- 
culation period, several hours of set-— 
tling, filters that were kept scrupu- 
lously clean, close control of coagulant 
dosage, strengthening of coagulation 
with acid-treated sodium silicate dur-_ 
ing periods of weak flocculation, and 
round-the-clock supervision by pro- 
fessionally trained engineers and chem- 
ical technicians on all shifts. When 
such control and preparatory treatment 
are available, high filtration rates are — 
safe to use. 
The requirement of filtered-water | 
turbidity below 0.1 unit, with complete 
freedom from floc turbidity, seems un- 
reasonably high to some water works 
men, who contend that a lower stand-— 
ard of filter performance can be ac- 
cepted if reliance is placed on chlorina- | 
tion to complete the defense of health. 
This contention overlooks the occa- — 
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sional failures of chlorination which do 
occur as a result of mechanical troubles 
and human error or as a result of 
sudden changes in pollution loadings. 

It is also contended that such a 
_ standard of filtered-water quality is ex- 

treme, and difficult to meet. That this 
7 standard is being met with filtration 

rates of 5 gpm per square foot and an 
effective size of sand of 0.65 mm dem- 
_ onstrates that it should be widely at- 
with lower filtration rates and 


2 


finer sand. 
- This standard of quality is much 
-_- more rigorous than the existing federal 
_ standard for drinking water. It is sug- 
. gested that, in light of the capabilities 
of modern filtration plants, the federal 


standards could probably be made 
much more stringent for application 
to filtered-water supplies. The sub- 


ject deserves future study. 


Character of Applied Water 


In modern water treatment, settled- 
water turbidities of about 1 ppm are 
. sometimes attained through good floc- 
culation and well designed sedimenta- 
tion. Even in plants that attain such 
results, however, tenfold increases in 
turbidity (and bacterial loading) ap- 
pear at times in the settled water as a 
result of changes in raw-water quality 
or mishaps in dosage. The principal 
in producing high-quality 
filtered water appear to result from 
changes in the concentration and na- 
ture of the settled-water turbidity. 
These may be associated with changes 
in the mineral quality of the water. 

- In the choice of parameters for filter 
A design, what matters most are the criti- 
cal filterability conditions. The two 
critical conditions lie at the extremes 
of filterability. When flocculation is 
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strong and the suspended matter is 
such that penetration of coagulated 
matter into the bed is small (as when 
high concentrations of filamentous 
microorganisms serve as_ reinforce- 
ment), the limiting condition is a high 
clogging rate. In this situation, high 
filtration rates result in very frequent 
backwashing. There is ordinarily no 
problem of suspended material in the 
filtered water under this condition. In 
public water supply work, this condi- 
tion most commonly arises when de- 
mands for water are high, as in late 
spring, summer, and early fall. 

On the other hand, when floc is 
weak—as when temperatures approach 
the freezing level and suspended mate- 
rial in the raw water consists largely of 
colloidal particles—the critical problem 
is the penetration of suspended mate- 
rial through the filter bed. Except for 
cases in which unsatisfactory dosage 
control or contamination causes weak 
flocculation, this condition is most 
likely to occur in cold water—during 
the winter months—at a time when de- 
mands on the plant are small. It is 
this condition with which the present 
study is especially concerned. 

When flocculation is weak, poor 
sedimentation frequently accompanies 
poor filterability. Baylis observed (2) 
that great floc penetration seemed to 
have been accompanied by higl 
settled-water turbidity. High concen 
trations of applied turbidity should be 
expected to produce early break 
throughs of flocculated turbidity dur 
ing periods of weak flocculation. 

Most experimental studies of rela 
tions between water quality and filtra 
tion rates have ignored the seasona 
variance in floc strength. Nearly all 
these studies have been carried ot 
under laboratory conditions or under 


: 
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average plant conditions, so that the 
results obtained failed to provide data 
on the limiting period of weak 
flocculation. 


Previous Filterability Studies 


An empirical parameter for indicat- 
ing floc strength sheds some light on 
the problem of filterability (3). This 
parameter was called the “floc strength 
hd® 
index” and was expressed as z 
which h was the loss of pressure 
through a bed thickness L at the time 
when measurable increase in the sus- 
pended matter in the effluent began to 
occur. The term d represents the ef- 
fective size of the bed particles, ex- 
pressed in millimeters. This parameter 
did not take rate of filtration into ac- 
count as no data on filtered-water qual- 
ity at various rates were available at 
the time it was developed. 

The floc strength index was designed 
primarily to define the structural abil- 
ity of floc particles to resist the forces 
occurring in the filter bed. A high 
value is associated with low penetra- 
tion of floc into the bed and high clog- 
ging rates; a low value, conversely. 
The author has observed values of 
1d 

7, Tanging from greater than 25 to 
to less than 0.2. With 2-gpm filtration 
rates, 0.5-mm sand, 2-ft thick beds, 
and applied concentrations of turbidity 
in the range of 0.5—5 units, these val- 
ues produced filter runs to 8-ft loss of 
head ranging from 1 to 150 hr. As an 
approximation : 


FILTRATION RATES 


1141 


in which T is the length of run (in 
hours) for a filtration rate of 2 gpm 
per square foot. 

Such a parameter may find use in 
connection with evaluation of pre- 
treatment facilities, as suggested by 
AWWA committee E5.B2 (4). Val-. 


ues of calculated from available 


L 
data gathered during various re- 
searches on floc penetration (5-8) are 
given in Table 1. 

From these data it will be seen that 
in the experiments on floc penetration 
for which data are available, the values - 


TABLE 1 


Floc Strength Indexes for Various 
Rapid Sand Filter Studies* 


hd 
Source j =J 
Harvard (5) 10.0 
Baltimore (6) 3.4 
Toronto (6) | 2.2 
Chicago (7) 
Uniform sand data 2.0 
Most extreme value 0.2 
Johns Hopkins (8) T 


‘ 

* Filtration rates of 2 gpm per square foot and © 
0.5-mm sand were used. 

+ No breakthroughs occurred during pertinent runs | 
on the filters studied at Johns Hopkins, so that floc 
strength index could not be determined. The value | 
was in excess of 0.2. 


hd* 
of L exceeded 2.0, except in the 


Chicago measurements, collected dur- 
ing a period of weak coagulation which 
persisted for several weeks. Design 
cannot be based on relationships de- 
veloped for noncritical conditions. On 
the other hand, it seems likely that 
hd*® 
L 
rarely and pose values too extreme for 
practicable design. 
The floc strength index provided a_ 
basis for design of the filter so far as 
effective size of sand, terminal loss of 


values of below 0.1 will occur very 


> 
= 
4 
1 
{ 
aye 
j 

Pri, 


_ head, and depth of bed are concerned. 
In general, a similar basis for design 
was reached in the studies conducted at 
Harvard by Stanley (9), who also 
included the effect of rate of filtration 


it 


Hydraulic Gradient —ft loss of head /ft of depth 


1 


wer, 
1.0 


Mean Diameter of Sand Grains - mm 


Fig. 1. Hydraulic Gradient at Which 
Sediment Penetrates Sand of 
Various Effective Sizes 


Curves shown represent data from follow- 
ing studies: A, Baltimore; B, Toronto; 
C, Chicago (uniform sands); D, Chi- 
cago (nonuniform sands). Data are for 
weak flocculation conditions (6, 7). 


in arriving at a relation which may be 
written as: 


hd2-56 1-56 
aw. K, L 


in which V is the rate of flow, and K, 


is a constant. Inasmuch as Stanley’s 
work was done with water that filtered 
clear with comparative ease, it is felt 
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that this relationship may not describe 
the most critical condition. 


Filter Bed Condition 

Good results in clarifying water can- 
not be expected from fouled filters. 
The surface wash and high-velocity 
backwashes have come into general ac- 
ceptance as devices for keeping the 
filter sand clean. Means for keeping 
sand clean are considered to be requi- 
sites in new plants, and are rapidly 
being added to old ones. It is hopeless 
to attempt quantitative analysis of the 
results to be obtained from filters 
whose sand beds crack, mound up, or 
pull away from the side walls. They 
cannot be relied on te produce clear 
water at all times. 


Types of Filtration Systems 


Brownell (10) has written a general 
discussion of filtration processes in 
which he makes an important distinc- 
tion between two general types of 
filtration : 


The filter medium is the essential part 
of a filter which retains the suspended 
solids but permits the flow of the fluid. 
In general, filter mediums may be divided 
into two groups: en masse mediums in 
which the medium is the primary filtering 
agent throughout filtration, as in the case 
of the sand in the sand filter; and initiat- 
ing mediums in which a thin cloth or 
screen starts the formation of a filter 
cake which then becomes the filter me- 
dium. En masse filter mediums may be 
classified into two groups: crystalline or 
granular mediums that are cleansed by 
backwashing for reuse; and fibrous filter- 
mass mediums that must be replaced after 
collecting a quantity of solids (some may 
be reused after a special wash treatment ). 
Initiating mediums may be divided into 
metallic and nonmetallic screens or cloths 

Sand is the most widely used en masse 
granular filter medium, largely because of 
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its availability, stability, and low initial 
cost. The sand forms a labyrinth path 
for the turbid fluid. Although a sus- 
pended particle may penetrate some dis- 
tance into the bed by passing along the 
large channels, the particle will eventu- 
ally be trapped in one of the smaller in- 
terstices, if the bed is of sufficient depth. 
A filter bed of fine sand may be replaced 
by a deeper bed of coarser sand to give 
the same filtration. The coarser sand will 
have the greater filter capacity because of 
its greater permeability. 


A second important classification of 
filters divides them into two types: 
constant pressure and constant rate. 

A complete review of filtration the- 
ory has been made by Heertjes (17). 
This review, which includes a _ bibli- 
ography of publications on filtration, 
sheds no light on constant-rate filtra- 
tion, nor does it give information on 
the en masse problems which occur 
as sediment penetrates into the filter 
bed and through it. Much work has 
been done in the field of analysis of 
constant-pressure filtration (12). The 
extensive published analyses of con- 
stant-pressure and filter-cake filtration 
relationships seem inapplicable to the 
study of the rapid sand filter using 
constant-rate operation. bis 


Constant-Rate Filtration Data ap 


In 1936, the Committee on Filtering 
Materials for Water and Sewage 
Works of the Sanitary Engineering 
Division, ASCE, presented a report 
which summarized extensive work by 
L. F. Allen at Toronto and by James 
W. Armstrong at Baltimore (6). It 
appears that this report contained the 
earliest published information on criti- 
cal depths of sand filters. The critical 
depth was defined as the maximum 
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into a bed of uniformly graded sand 
operated to a loss of head of 8 ft of 
water when the filter is delivering a 
clear effluent at a rate of 2 gpm per_ 
square foot. The committee deter- 
mined this critical depth by measure- 
ment of the solids trapped in the filter — 
bed as determined turbidimetrically in 
successive layers of the bed. Allen 


1,000 


Hydraulic Gradient —ft loss of head / ft of depth 


PT 


Litt 
10 


Mean Diameter of Sand Grains — mm 


Fig. 2. Head Loss Increase per Unit Floc 
Penetration for Sand of Various Sizes 


Data plotted are from Stanley's Harvard 
studies (5). 


(13) called attention to the fact that 
the critical depth needs to be consid-— 
ered in the light of the amount of tur- 
bidity that appears in the effluent of 
the filter rather than in terms of the 
amount caught in the filter bed. 
Accordingly, question may be raised 
about critical-depth determinations ob- 
tained solely on a basis of the measure-_ 


depth to which sediment will penetrate ment of suspended matter trapped 
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within the bed, particularly when the 
standard of clarity of the effluent is 
extremely exacting in comparison with 
the precision of the method used for 
measuring the solids gathered within 
the bed. 

Figure 1 is a plotting of data gath- 
ered by Allen and Armstrong and the 
data used by the author in an analysis 
of filtering functioning (3). The au- 
thor used data based entirely on the 
clarity of the effluents of the Chicago 
filters to determine the penetration of 
the suspended matter into the bed. 
Effluent turbidities were measured with 
the Baylis floc detector and the Baylis 
turbidimeter. 

The differences between these curves 
may be the result of several factors, 
including differences in methodology 
for the determination, the nature of 
the coagulated material in water, and 
other considerations which will be dis- 
cussed below. Allen’s data are appar- 
ently the more nearly comparable to 
the Chicago data in the method of 
_ determining the point at which sedi- 

ment passed through the filter. 

The slopes of the lines drawn in 
Fig. 1 indicate an exponential relation 
_ between the hydraulic gradient at which 
sediment began to pass through the 
bed and the size of sand in the bed. 
For the Chicago data the values of 
the exponent are of the order of 3.0. 
_ For the Baltimore data, the value for 
the three coarsest filters is approxi- 
mately 2.16, and for the Toronto data 
as a whole the slope is 1.73. 

An intensive study of floc penetra- 
into sand filters was made by 
Stanley (5). Owing to a change of 
_ experimental procedure during the se- 
_ quence of observations, the data ob- 
tained are not all comparable. The 
data from Stanley’s run No. 7, which 
was conducted at 2 gpm per square 
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Data are from Babbitt and Baumann ru 
No. 42 (19). Symbols indicate followin, 
filtration rates (in gallons per minut 
per square foot): O, 1; X, 2; @, 3 
Sac +, 4; A, 5.3. 


foot to determine effect of sand siz 
on floc penetration, are shown in Fig 
2. The equation of the curve fittin; 
the Chicago data in Fig. 1 and Stan 


ley’s data in Fig. 2 is: 


Fair (14) has pointed out that us 
of critical depth data in design of 
filters might well be by a size summa 
tion method such as that proposed b 
Fair and Hatch (15) and by Alle 

A paper by the author (7) deal 
with the behavior of various types an 
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Fig. 4. Rate of Cl i - 
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Diatomite Filters 


Jata are from Babbitt and Baumann run 


Vo. 43 (19). Symbols indicate same 
rates as in Fig. : 


izes of filtering materials in the pas- 
age of sediment through the filter 
reds. This paper did not contain 
isable information on the effects of 
ate of filtration, although data for one 
series of filters operated at 4 gpm per 
square foot were included. The data 
ndicated that, when the filter runs 
were caused to vary by use of different 
iltering materials, the filtered-water 
juality was a function of the length 
filter run. 

Effects of Filtration Rates 
In an investigation carried on under 
‘ontract with the Engineer Research 
ind Development Laboratories, Geyer 
ind Machis (8) at Johns Hopkins 


University studied the penetration of 
solids into filtering materials under sev- 

eral filtration rates. As described in 

their report, they found that : 


A sand having a geometric mean size 
of 0.27 mm was treated at rates of 2.0, 
3.6, and 6.0 gpm per square foot. For 
a terminal head loss of 60 cm of mercury 
(11.6 psi), the intermediate rate produced © 
1.75 times ... and the high rate 2.65 
times the volume of water produced by 
the low rate. 
been observed in earlier tests. However, 
there are exceptions, as indicated by data 
obtained 
In this case, there was a decrease of 6 
per cent in the total volume of output at 
a terminal head of 60 cm of mercury. 

A study of the bacterial quality of the 
effluent of similar filters operating at dif- 
ferent rates indicated that bacterial re- 
movals were about the same when com- 
pared on the basis of equal volumes of 
output. A comparison of the turbidity 
of the effluent of each of these filters ap- 
pears to indicate a slightly higher tur-_ 
bidity in the effluent from the high rate 
filters. 
remained below 0.3 ppm... . 

A study of the total quantity of solids 
removed by similar filters operated under — 
different rates shows an appreciable in- 
crease in solids removal by the high-rate 
filters as compared with the low-rate fil- 
ters. This observation is in conformity 
with similar observations made in previ- 
ous tests. Reduction of the value of the 
total solids removal in the sand to a total 
solids removal per unit volume of water 
filtered indicates that the high-rate filters 
remove somewhat less of the solids pres- 
ent in the water... . 


In general, the higher rates of filtra- 
tion tend to drive the solids more 
deeply into the filter bed. This re- 
sults in the production of more water 
with the same size of filter bed at the | 
same head loss. If an effluent of 
equal quality is desired, however, 


This type of variation has — 


in this test for 1.l-mm sand. 


The turbidity of all the effluents — 
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deeper filter bed is necessary. Filter 
rates up to 4 and, in some cases, even 
10 gpm per square foot are possible 
without any deterioration in quality of 
effluent, provided the proper grain size 
and depth of filter medium are selected. 
In a study of relationships between 
filter performance and filter rates, 
Baylis (17) reported that runs were 
found to be inversely proportional to 
the 1.5 power of the rate of filtration. 
The clogging rate of the filter was also 
found to be inversely proportional to 
_ approximately the 1.5 power of the 
filtration rate. Baylis states: 


One probable reason why it is difficult 
- to obtain more uniform data on the effect 
of the rate on the length of the run is 
_ due to the flocculated matter penetrating 
to different depths of the filter bed. It 
appears that some of the water is gradu- 


ally squeezed out of the coagulated matter 


after it deposits in or at the surface of 
the sand bed, and that time is required for 
this to take place. When a large amount 
of coagulated matter goes to the filter 
within a certain time, due either to high 
concentration in the water or a more 
rapid flow of the water, there is not time 
_ for the coagulated matter to be compacted 
to its maximum density. 


Baylis has recently made available 
the results of high-rate operation of 
full-size filters in the Chicago filtra- 
tion plant (1, 18). These results 
indicate that the quality of the filtered 
water suffers in direct proportion to 
the filtration rate. This took place 
despite the close control over applied 
water quality exercised in the Chicago 


plant. 


Baylis noted, however, that the high- 
rate filters appeared to produce dis- 
proportionately larger quantities of 
water per unit increase in head loss 
than those operated at standard rates. 
Geyer and Machis also observed this. 
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Filter runs are shortened by filtra- 
tion rate increases. In instances where 
short runs constitute a problem, im- 
proved pretreatment is a prerequisite 
to increasing filtration rates. 

Stanley’s data for run No. 8 (5), 
which were gathered to evaluate the 
relation between rate of filtration and 
floc penetration, confirm the observa- 
tions of Geyer and Machis and the 
more recent observations by Baylis, 
that disproportionately greater floc 
penetration results from increases in 
rate of filtration. 

Sediment penetration into the filter 
bed increases when filtration rates are 
increased. When filtration rates are 
increased, however, quality of filtered 
water can be safeguarded by increasing 
the depth of the filter medium or by 
lowering the terminal loss of head. 
The remainder of the present study is 
devoted to examination of the available 
data in an attempt to evaluate quanti 
tatively the effects of rate of filtration 
on floc penetration, especially under 


the most extreme conditions. ce 


In the foregoing discussion it has 
been assumed that the flow through 
the filter bed is laminar. There are 
however, reasons to believe that turbu 
lence may occur in filters at high filtre 
tion rates, with coarse sand, or at hig 
terminal losses of head. If this is tru 
the relationship of filtration rate t 
floc penetration may be complex. 

One method of approach (3), based 
on laminar flow, indicates that graph 
of time against the reciprocal of hea 
should yield straight lines.* This wa 


Role of Turbulence 


* The paper referred to (3) contained a 


erroneous definition. On page 868, the tert 
d should be the weight of suspended matte 
per unit volume, as trapped in the filte 
rather than “the density of the suspende 
matter in water,” as given. 
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tested using data for various rates of 
filtration gathered on diatomite filters 
by Babbitt and Bauman (19) and sand 
filters by Geyer and Machis (76). In 
the process of testing this relationship 
it was found that excellent correlations 
of “specific permeability” against time 
were obtained. Specific permeability 
is the ratio of the rate of flow to the 
hydraulic gradient through the filter 
bed. These data are shown in Fig. 
3-5. Insufficient data on head loss 
were reported in Stanley’s measure- 
ments to justify trying this correlation 
with them. 

Figures 3-5 indicate straight-line 
relations at low head losses; however, 
narked inflections in the lines occur 
ind a second straight-line portion of 
each curve occurs. It is interesting to 
1ote that the data for the various filtra- 
ion rates are nicely unified in the 
orrelations. These data are for ex- 
umples in which there was substantial 
penetration of floc into the filter beds. 
Head losses ran to more than 30 ft 
water. Breakthroughs were re- 
corded for the diatomite units, none 
or the sand filters. 

The unexpected inflections in the 
‘urves indicated the existence of forces 
not considered in the derivation being 
tested and suggested the possibility 
that turbulence might play a part. 

The clogging of an en masse filter 
»roceeds from the surface first reached 
xy the applied liquid toward the exit 
of the filter (77, 20). When the ap- 
plied suspended matter is firmly bonded 
together by good coagulation, there 
may be relatively little penetration of 
suspended matter into the bed. When 
the suspended particles are not strongly 
bonded into groups of substantial size, 
the suspended matter penetrates into 
he bed. When the coagulant bond 


s weak (the condition called “weak 
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flocculation”), suspended matter may 
penetrate entirely through the bed. In 
rapid sand filter operation, when the 
filter runs are 10 hr or more in length, 
unless the applied water contains very 
little suspended matter, there is sub- 
stantial penetration of suspended mat- 
ter into the bed. 

Baylis (17) has described the proc- 
ess of filtration as one in which the 
greatest part of the applied water en- 
ters the filter bed through a very small 
proportion of the pores. These pores 
doubtless terminate or branch a short 
distance within the bed, and sediment- 
bearing water may be expected to move | 
laterally to other nearby larger pores. 
Thus it is seen that the greatest part 
of the flow in a partially clogged bed 
takes place in only a fraction of the 
total pore space. This is a wholly dif- 
ferent flow pattern than takes place in- 
a clean sand bed, in which nearly all 
the pore space is available for flow. 
Even here, however, there is doubt as 
to whether all the pores are used by 
flow of clear fluids (27). It therefore 
appears that velocities within the con-_ 
stant-rate sand filter increase as the | 
clogging proceeds, possibly to such a 
magnitude that turbulence may occur. 

It has been widely recognized that, 
as the Reynolds number increases be- 
yond a certain value, resistance to flow 
through beds of granular material ex- 
ceeds that given by Darcy’s law. The 
value at which the departure from the 
Darcy law takes place has been subject 
to several different determinations. 
There are also differences of opinion 
as to whether this departure involves 
turbulence or may instead be a “transi- 
tional zone.” It seems to the author 
that the beginning of the departure is 
due to the commencement of eddying 
resistance or turbulence in a few of 
the pores. The pores are not all of 
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the same size and, as velocity increases, 
the eddying resistance probably com- 
mences first in the largest ones. Full 
turbulence in beds of uniform material 
apparently does not occur until the 
Reynolds number has increased by 10* 
greater than the value at which turbu- 
lence first exerts its influence (22). 
It seems reasonable to assume that the 
greatest share of the filtration process 
would make use of the larger pores, 
and thus be profoundly affected by 
turbulence in them. 
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Fig. 5. Rate of Clogging, Sand Filters 


_ Data are from Geyer and Machis run 

No. 8 (16). Symbols indicate following 
% filtration rates (gallons per minute per 


square foot): O, 2; X, 3.6; A, 6. 


a In order to estimate the extent to 


which turbulence or eddying resistance 
may be involved, an effort was made 
to evaluate the critical velocity, above 
which some of the pores in the sand 
bed produce friction losses exceeding 
those of the Poisseuille-Hagen relation 
(20). Use was made of data from 


uniform lead shot and rounded sands 


(22). These data were plotted in a 
Lindquist diagram (23), Fig. 6, from 
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which it was determined that the criti- 
cal value lies at a Reynolds number 
smaller than 2, when the Reynolds 
number is computed in consistent units 
as the product of approach velocity 
(V), particle diameter (d), and fluid 
density (p), divided by viscosity ().* 
‘air estimates the critical value from 
data on settling rates of sand at 0.5 
(24). 

In a filter containing clean sand of 
0.5-mm diameter, operated at 2 gpm 
per square foot, and at a temperature 


Vd 

of O°C, the Reynolds number, 

is about 0.4. Under these conditions, 


a 24-in. deep bed will have a loss of 
head of about 1.2 ft. 

It therefore appears that a large part 
of the work of the rapid sand filter 
is done in or beyond the transitional 
range, although much of it may involve 
turbulence to a minor extent. 

Sediment transport and dislodg- 
ment are considerably greater under 
turbulent flow than under laminar con- 


ditions. It may therefore be antici- 
pated that there would be greater 
movement of sediment into the bed 


at higher filtration rates. Thus, greater 
penetration and passage of sediment 
through the bed should be expected a 
a result of increased turbulence caused 
by use of higher filtration rates. 

The available data on the initiation 
of turbulence lead to the supposition 
that turbulence might be responsibl 
for the inflections in the curves 1 
Fig. 3-5. 


* T. R. Camp has suggested that the poros 
ity factor be included in the expression o 
Reynolds number (private communication 
This would improve the value of the tern 
but complicates the problem. In additior 
there is yet no agreement on how t 
take porosity into account. 
it to be a very important factor. 


as 


Figure 6 show 
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If complete turbulence played a 
iajor role in the process of rapid sand 
Itration, the pore velocity might be 
expected to increase as the square root 
For a clean 
filter, pore velocity is proportional to 
the approach velocity, In the 
logged portion of the bed, after time 

the pore velocity 1’; would be pro- 
portional to the ratio of the square 
roots of the initial and the clogged 
losses of head: 


f the head loss increases. 


Vhy 


Vo Vhy 


in which h; is the loss of head through 
the clogged portion of the bed, and h, 
is the loss of head through the same 
length of clean bed. It is well estab- 


lished (25) that: ara bee, 


ho 
in which ¢ is a constant of propor- 
tionality. The value of h; depends 
upon the length of time the filter is 
operated, the concentration of sus- 
pended matter in the applied water, 


and so forth. Therefore: ce 


Vi = Vo 


It follows that, for the state of flow 
through the clogged portion of the bed: 
Vhy 
Mic 


R 


= . (1) 
Vou 
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in which » is the viscosity, p is the 
density of the fluid, V,, is the approach 
velocity, and /; is the loss of head 
after any stated time, assuming turbu- 
lence. R, of course, is the Reynolds 
number. 


All the available data were gathered | 


under uniform temperature conditions, 
so that viscosity was constant and may 
beignored. The penetration data gath- 
ered by 
against a modified Reynolds number 
in Fig. 7 and 8. Only data from 
Stanley’s runs No. 7 and 8 were used, 
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Fig. 6. Departure From Streamline Flow, 


Rounded Uniform Sands of => 


Various Void Ratios 


for his data indicate that the earlier 
runs were not comparable and do not 
appear to be applicable for this study. 
V was expressed in gallons per minute 
per square foot, d in millimeters, and 
h in feet of water. 

Figures 7 and 8 indicate a relation- 
ship somewhat like that shown in Fig. 
6. The assumption that turbulence 
plays a role in floc penetration yielded 


Stanley have been plotted 


an excellent correlation under the con-— 


ditions met in Stanley’s experiments. 
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Baylis has pointed out that, under 
7 conditions of very weak flocculation, 
effluents become turbid at low head 
losses. Should this happen at heads 
so low as to be entirely in or very 
near the laminar flow range, we 
should expect, by a similar process of 


. (2) 


This is evidently the condition encoun- 
tered by the author (3) and it may be 
expected to control under conditions 
of weak flocculation, where consider- 
able penetration takes place at low 
losses of head, and correspondingly 
low pore velocities. 

Stanley’s data on floc penetration 


late fairly well under either hypothesis, 
but Eq 1 above reconciles his data on 
various filtration rates better than does 
Eq 2. It is therefore believed that 
his data were gathered under condi- 
tions in which turbulence controlled. 

In either event, it seems clear that 
_ penetration of turbidity into or through 
the filter should be expected to increase 
with the rate of filtration, apparently 
in direct proportion. 

The present analysis of the problem 
_ of behavior of sand filters under transi- 
tional or turbulent conditions is ex- 
ploratory. Further study of this rela- 
tionship would be valuable, but would 
require more data than are now avail- 
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Fig. 7. Relation Between Floc Penetration 
and Reynolds Number, Sand Filters 


Data are from Stanley's run No. 7 (5). 
Size of sand particles varied. Filtration 
rate was 2 gpm per square foot. 


able. The most critical condition, of 
ready penetration of floc through filters 
at relatively low heads, seems to be 
governed by Eq 2. 

It is interesting to note that it fol- 
lows from Eq 2 that constant-pressure 
filtration might yield better quality wa 
ter than constant-rate filtration. Pos 
sibly Jackson had this in mind in con- 
ducting the recently-published studies 
at the Dalecarlia plant at Washington, 
D.C. (26), in which gradually varied 


flow rates were used. 


Summary of Findings 


The laminar-flow relation appears to 
govern the design of filters to meet 
critical weak flocculation conditions 
Under these circumstances, it appears 
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Fig. 8. Relation Between Floc Penetration 
and Reynolds Number, Sand Filters 


Filtration rate varied from 10 to 5.25 

gpm per sqft. Symbol © indicates sand 

particles of 0.936 mm; symbol + indi- 

cates sand particles of 0.532 mm. Data 
from Stanley (5). 


that floc penetration is governed by 
the relation: 


L 


in which K is an index of filterability. 
It is proposed that the earlier relation- 
ship, which did not include a velocity 


term, be abandoned and _ that 
be designated the filterability index. 

The similarity of the relationship be- 
tween frictional resistance in porous 
beds and the velocity through the bed 
to the relationship between floc pene- 
tration and pore velocity suggests that 
turbulence may play a part in the be- 
havior of granular beds in filtration of 
strongly flocculated water. This may 
account for the discrepancies between 
results reported by various investi- 
gators. 

For the most common situation of 
strong flocculation, floc penetration ap- 
pears to be related to the expression: 


It will be observed that, in either 
case, the penetration of suspended mat- 
ter into the bed seems to be directly 
proportional to the filtration rate. It 
would therefore appear that higher fil- 
tration rates could be used with pro- 
portionately thicker beds, finer sand, 
or lower head losses, without impair- 
ing filtered-water quality. 

To determine the limiting values of 
the filter design parameters requires 
routine operation of one or more filters 
on a given water to beyond the break- 
through. This may be done through 
either high-rate operation or through 
the use of coarser sand, shallower beds, 
or higher terminal head losses. It can 
safely be attempted only at public wa- 
ter supply plants exercising accurate 
and frequent measurement of filtered- 
water quality from individual filters 
and completely trustworthy disinfection 
of the water, or at plants that are not 
producing drinking water. Such trials 
should continue through a number of 


» 


1151 
ie 
‘ 
} 
4 
INE 
} 
| 
4 
4 


1152 


years in order to gain data on the in- 
tensity, frequency, and duration of 
weak flocculation. Particular attention 
will need to be paid to cold-weather 
conditions, when the weakest floc may 
be encountered. The improvement of 


filter design practice awaits the gath- 
ering of these data. es ee 


Filterability Index Values Conetusions 


The most critical value for the filter- 
ability index encountered was 0.4, 
when /’ was expressed in gallons per 
minute per square foot, d in milli- 
meters, fh in feet of water, and L in 
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filtration rates. Where low filterability 
indexes occur, the situation is not im- 
possible, however. Low values can be 
met by backwashing filters at low head 
losses. Fortunately, too, low filterabil- 
ity indexes tend to occur at those sea- 
sons when filtration rates are low 
because of decreased demand. 


La 
The trend in filtration practice has 
been toward increased rates of filtra- 
tion, increased sand sizes, and thinner 
beds. Some municipal plants, although 
designed for 2 gpm per square foot, 


TABLE 2 
Values of Filterability Index K for Various Waters and Conditicns 


Conditions 


Value of K 


Raw water difficult to coagulate, average pretreatment 


facilities and operation 


0.4 


Raw water not hard to coagulate, average pretreatment 


conditions 


Average raw water, high-grade pretreatment facilities 


1.0 


2.0 


Average raw water, high-grade pretreatment facilities 
plus close technical supervision and activated-silica 


treatment 


Additional tentative values may 
be derived from information given 
above. These values, as shown in 
Table 2, are for filtered water free of 
flocculated turbidity. 

The values of the filterability index 
given in Table 2 do not take into ac- 
count variations in bacterial loading. 
They are based on maintaining the 
ability of the filter so that it can uni- 
formly produce high-quality water. As 
suggested above, it would appear valu- 
able to assemble additional data on 
seasonal and annual variance of the 
filterability index at other plants. 

The values given above emphasize 
the desirability of caution in increasing 


6.0 


are successfully operated at rates as 
high as 3 gpm per square foot during 
periods of high demand, and especially 
when the water is warm. The studies 
analyzed in this report bring out rela- 
tionships between sand sizes, filtration 
rates, terminal losses of head, and bed 
thickness. Any one of these design 
parameters may be altered by suitable 
adjustment of one or more of the 
others. 

The indiscriminate adoption of filtra- 
tion rates above 2 gpm per square foot 
should not be encouraged. Rates above 
2 gpm per square foot may be adopted, 
however, if there has been sufficient 
experience to establish limiting values 
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of the filterability index (preferably 5 
years or more) obtained by operation 
in the plant under consideration or in 
nearby plants filtering water pretreated 
in a manner similar to that proposed, 
using water from the same source. 
The criterion upon which filter de- 
sign may be based to meet the most 
critical water quality requirements is 
the filterability index, which has been 


modified to be as: 


K = 


Limiting values of this index may be 
determined by operation of one or 
more filters over a period of a number 
of years to the point at which actual 
breakthrough of turbidity may possi- 
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Protection of Utilities Against Permafrost 
in Northern Canada 


Stanley S. Copp, Carl B. Crawford, and 
John W. Grainge 7 


ficer, Div. of Building Research, 


Ont. ; 
Welfare, E 


EVELOPMENT of the Cana- 
dian northland has progressed so 
rapidly during the last decade that the 
problem of providing the facilities of 
modern living in the North has become 
one of the greatest current engineering 
problems. Owing to unusual features 
of the climate and the ground, it is 
apparent that engineering practices of 
more temperature regions cannot be 
applied without modification, This 
is particularly true of the design of 
water and sewer services in regions of 
“permafrost,” or perennially frozen 
ground (1). Descriptions of such 
systems will be found on p. 1166. 
When it became necessary in 1945 
to relocate the town of Yellowknife, 
Northwest Territories, Can., because 
of a rapidly increasing population, a 
recirculating water distribution system 
was designed similar to the one used 
successfully at Flin Flon, Man., since 
1931. To the authors’ knowledge, the 
Yellowknife installation is the second 
of its type to be employed in Canada. 
In this system water is preheated, cir- 
culated through dual mains and dual 
house service connections, and a por- 
tion is returned to the pumphouse (2). 


Yellowknife 


Yellowknife is located 185 miles 
south of the Arctic Circle and about 


Edmonton, Alta. 
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600 miles north of Edmonton, Alta. 
It has a population of about 2,500. 
The construction of complete munici- 
pal services at Yellowknife provided 
an ideal opportunity to study ground 
temperatures around water and sewer 
pipes at a typical northern town. In 
1951, therefore, the Public Health En- 
gineering Division of the Department 
of Health and Welfare, in cooperation | 
with the Division of Building Research 
of the National Research Council, — 

began such a study. Primarily, the 
field work was planned to obtain =e 


the design and operation of the Yellow- 
knife system and other similar water | 
and sewer systems. It was expected — 
that these measurements would reveal 
the effect of the distribution system on 
the natural temperature and thermal © 
properties of the ground, and provide 
an evaluation of the insulating effect of — 
ground moss when placed around the 
pipes. Also, because of the lack of this” 
formation, calculations such as the re- 
quired boiler horsepower of the heat-— 

ing plant could not be estimated with 

the normal degree of accuracy. The 

study was coordinated with the gen-— 

eral study 
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perature measurements are located 


throughout Canada. 


Factors Affecting Temperature 


It is convenient to consider that the 
temperature beneath the surface of the 
ground is dependent on the air tem- 
perature; it has been shown, however, 
that this is not merely a simple rela- 
tionship based on the heat flow theory 
(3). 

It is difficult to assess the effect on 
ground temperatures of such other 
meteorological elements as wind, rela- 
tive humidity, and precipitation. It is 
known that the nature of surface cover 
will have a major effect on sub- 
surface temperatures. Snow cover, for 
instance, may reduce frost penetration 
by several feet (4). Color and vege- 
tation will significantly affect the radi- 
ation exchange at the surface. The 
nature of the soil itself will influence 
its temperature, primarily because of 
the usual variations in water content 
between soils. Fine-grained soils gen- 
erally have a high water content while 
coarse soils contain little water. (It 
is not unusual for clays to be made up 
of % water by volume, and nearly all 
natural clays will contain more than 
4 water by volume.) Considerably 
more heat must therefore be extracted 
from a wet soil than from a dry soil 
in lowering the temperature; because 
of the latent heat of fusion which is 
liberated, much additional heat extrac- 
tion is necessary before water in soil 
will freeze. For these reasons, too, the 
frost line will move more rapidly and 
to greater depths in dry granular soils 
than in wet soils. Because the water 
in soils has such a great effect on the 
thermal properties, it is evident that 
the water content will govern ground 
temperatures to a large degree. It is 
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very difficult, however, to take water 
content into account, a further compli- 
cation being introduced by its seasonal 
variation. 

Many attempts have been made to 
compute the depth of frost penetration 
(5-7) but the reliability of these meth- 
ods has been restricted largely because 
of the difficulty of evaluating theoreti- 
cally the thermal properties of the soil 
and because these properties vary with 
changes in water content. This has 
resulted in empirical studies that have 
established an approximate relationship 
between frost penetration and air tem- 
perature (8). An approximation of 
the average frost penetration anywhere 
in Canada can be obtained by selecting 
the appropriate “freezing index’? and 
referring to the established relationship 
(9). The “freezing index” is the cu- 
mulative total of degree-days * below 
freezing during any winter. 

The mean annual air temperature for 
Yellowknife, which is situated at lati- 
tude 62°30’, is 22°F. Permafrost may 
be encountered at 1-10 ft below the 
surface, depending on vegetation, and 
is reported to extend to a depth of 
more than 150 ft (70). The mean an- 
nual precipitation is 10 in. with sparse 
snowfall. The freezing index over a 
10-year period has varied from 5,370 
to 7,450 degree-days with an average 
of 6,590. This is about the same as 
for Churchill, Man.; it is about double 
the values for Winnipeg and Regina, 
and nearly three times the value for 
Ottawa. According to the empirical 
relationship based on freezing index, 
the seasonal frost penetration in Yel- 
lowknife should be on the order of 9 ft. 
The accuracy of this relationship for 
permafrost regions may be questionable. 

* A degree-day represents 1° of decli- 


nation from 32°F in the mean daily air 
temperature. 
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Water and Sewage System 


Domestic water for Yellowknife is 
drawn from Yellowknife Bay, a large 
arm of Great Slave Lake. Lake water 
is discharged by float-controlled pri- 
mary pumps into a 6,000 gal makeup 
tank in the pumphouse. Water in this 
equalizing tank is chlorinated and is 
then mixed with the reheated return 
water from the distribution system. 
This mixture is discharged to the 
distribution system through high-lift 
pumps. All water lines are of cast 
iron. The main from the pumphouse 
is 8 in. in diameter and the return is 6 
in. in diameter, while laterals are 6 in. 
with 4-in. diameter returns. House 
connections are }-in. copper pipe, the 
lead to the house being taken off the 
main and the return from the house 
connected to the return main. An ori- 
fice disc containing one or more holes 
is located in a fitting within the house 
on the return house connection. The 
water distribution system is graded so 
that it can be drained in the event of 
a prolonged breakdown. It has a mini- 
mum cover of 5 ft 6 in. All water and 
sewer lines are insulated with moss 
for about a foot above and on the sides 
of the pipes, and about an inch below 
the bottom of the pipes. 

The sewer system is laid with a 
minimum earth cover of 7 ft 6 in. and 
a minimum grade of 0.40 per cent. 
The sewers are 6 ft horizontally from 
the water mains at a grade which is 2 
ft lower. All sewer pipe is asphalt- 
dipped corrugated steel, with an extra 
float to smooth the invert. Ejight-inch 
sewer laterals are intercepted by a 
10-in. line to the sewage disposal plant. 

The summers of 1947 and 1948, 
when construction was carried out, 
were cold and wet, and this resulted 
in a slow thawing of the permafrost. 


~ 


COLD-WEATHER OPERATIONS 


Because of the frozen soil below, 
ground water moving through the fine 
sand of the thawed layers was pre- 
vented from escaping, and it accumu- 
lated in the trenches, causing construc- 
tion difficulties of such magnitude that 
it was necessary to lay a system of 
underdrains beneath more than half 
the sewer lines. This consisted of 
13,000 ft of 6-in. corrugated steel pipe 
perforated along the invert. With the 
removal of the ground water, trenching 
proceeded normally by dragline, power 
shovel, or backhoe. Trenching ma- 
chines could not be used in the fine 
sandy soil. 


Temperature Measurements 


It was decided to obtain soil tem- 
perature readings on a main water line 
and a lateral, and on a sewer intercep- 
tor and lateral. The effect of the moss 


insulation around pipes was to be de- 
termined, so moss was stripped from 


12 ft of water pipe and, at the center 
of the stripped section, thermocouples 
were placed about the pipe. Fifteen 
feet further along on the same pipe, 
where the moss was left intact, another — 
set of thermocouples was placed in the 
same relative position to the pipe. A 
three-pen recording thermometer was 
located between the water and sewer 
laterals to provide additional tempera- 
tures and to check on the thermocouple 
readings. 

Ground temperatures were meas- 
ured at seven stations. The exact loca- 
tions of the thermocouples at Stations 
1-3 are shown in Fig. 1. Thermo- 
couples are in the same positions rela- 
tive to the pipe at Stations 4-6. 

The temperature-sensing bulbs of 
the three-pen recording thermometer 
at Station 1 are located at depths of 
4, 7, and 10 ft below lar level, mid- 
way between stations 2 and 3, as 
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_ shown in Fig. 1. The graveled lane 
and winter, and the snow is plowed as 
required, although the compacted snow 
reaches a depth of 4 in. or more. 
At Station 2, thermocouples are lo- 
cated above and below a moss-covered 
sewer lateral serving one block of 


-owned houses. The lat- 


Jour. AWWA 
line through the recording thermome- 
ter bulbs. 

At Station 4 the moss is stripped 
from 12 ft of the water supply line to 
the town. This line is of 8-in. cast- 
iron pipe with a 6-in. return laid 15 
in., center to center, from it. The 
main runs below an untravelled road 
3 ft to the side of the centerline. 


in.'Diam. 


lf 
— 3 in. 


10 


10 


Station 3 —4 


Station 1 — 


Moss 
76 in. Diam. __] 
4 hh Diam. 

\ 


4 
Stations 1-3 are shown. 


Sewer laterals, 
at the 


eral | is 3 ft to the side of the centerline 
of the lane and 3 ft 4 in. from a verti- 
cal line through the recording ther- 
mometer bulbs. 

At Station 3, thermocouples are 
located around a moss-covered water 
lateral and therefore 6 ft 8 in. hori- 
zontally from the sewer lateral at Sta- 
tion 2 and 3 ft 4 in. from a vertical 


Ground Temperature Points at Yellowknife 


Station 1 was between the water and 
Station 2 at the sewer lateral, and Station 3 
water lateral. 


Drifted snow may reach a depth of 12 
in. or more over the roadway. 

Station 5 is on the same water main 
15 ft along the pipe, but at a point 
where the moss insulation around the 
pipe is undisturbed. Roadway condi- 
tions are the same and thermocouples 
are located in the same relative posi- 
tions as at Station 4. 
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At Station 6, thermocouples are 
placed around the 10-in. moss-covered 
sewer main leading to the sewage 
treatment plant. The main is 3 ft from 
the centerline of a continuously trav- 
elled roadway. The snow may be com- 
pacted to a depth of 6 in. or more. 

Station 7 is in moss-covered undis- 
turbed ground in a vacant lot and is 
used as a control. Thermocouples are 
located at depths of 2.3, 4.3, 6.3, and 
8.3 ft. Undisturbed snow depth may 
reach 12 in. or more. 


Instrumentation 


Temperatures were measured at 
Station 1 by a three-pen mercury- 
bulb recording thermometer with 
temperature-compensated leads and op- 
erated by an 8-day spring-driven clock 
mechanism. At all other stations tem- 
peratures were measured periodically 
with a portable potentiometer con- 
nected to copper-constantan thermo- 
couples. As first installed, the copper 
wire of each copper-constantan duplex 
thermocouple wire was severed above 
ground and joined to the wafers of a 
ten-point switch. The reference junc- 
tions of each circuit were bound to- 
gether and placed in a crushed-ice and 
water mixture during reading and the 
potentiometer was connected to the 
switch poles through telephone jacks. 
Each switch was mounted in an insu- 
lated box and protected by a small un- 
heated shelter which was mounted 
several feet above ground near the 
roadway. 

Owing to difficulties in obtaining 
accurate readings during winter under 
severe weather conditions and because 
of the impossibility of operating the 
potentiometer satisfactorily inside a 
heated vehicle, it was considered neces- 
sary to improve the observation facili- 
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Fig. 2. Revised Thermocouple 


Letters indicate the following: A—poten- 
tiometer ; B—reference junction; C—two- 
pole rotary switch; D—junction box (of 
cast iron, sealed and buried to at least 
3-ft depth) ; 
and F—measuring thermocouples. The 
solid line indicates constantan duplex 


ties. During the fall of 1954, various 
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E—compensating junction; 


modifications in instrumentation were 


carried out, and improved switches 
were installed. The altered circuit ar- 


rangement is shown in Fig. 2. This — 
arrangement has the advantage of re- — 


duced resistance, permitting increased 
sensitivity, and a less cumbersome 
reference junction. Switch boxes for 
stations 2 and 3 were installed with 
the recording thermometer in a heated 
garage and a special heated building 
was constructed for the switches for — 
stations 4-7. The arrangements pro- 


vided pevtaction for the 
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and permitted ideal conditions for op- 
eration of the potentiometer at all sta- 
tions, which resulted in improved accu- 
racy in the readings. 

The selection of instruments for 
ground temperature measurements is a 
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ment during prolonged field use. Also, 
it is too expensive for extensive use. 
Various resistance-type instruments 
are available, but they too are expen- 
sive and their stability is questionable 
over long periods. Thermocouples are 
very cheap, rugged, and reasonably 


50 
accurate, but the potentionmeter is a 
as sensitive instrument which requires 
care in operation and_ reasonably 
sol stable temperature conditions. Ther- 
mocouples can be calibrated to yield 
35/ highly accurate measurements but, in 
normal field use, errors caused by con- 
* 30h tact potentials, stray ground potentials, 
TABLE 1 
E Grain Size of Soils at Yellowknife 7 
20 
Grain-Size Distri- 
& 45 Sta- Depth bution—7% 
tion Represented 
Gravel | Sand | Silt | Clay 
1-3 | Fillabove pipes 7 30 | 50 | 13 
35 a 1-3 | Below pipes 0 50 | 50 0 
4,5 |Fillabove pipes| 10 70 | 20 0 
30 4,5 | Below pipes 0 33 | 42 | 25 
6 |Fillabovepipes| 11 48 | 32) 9 
6 Below pipes 0 | 46/47) 7 
7 1.0-2.5 ft 0 | 77 | 23] 
s $238 7 2.5-8.0 ft 0 23 | 531 | & 
| 1955 


Fig. 3. Ground Temperatures, 1953—55 


The top portion is for Station 1. Line A 
ts for temperatures at a depth of 4 ft; 
Line B, at a depth of 7 ft; and Line C, 
at a depth of 10 ft. The bottom portion 
is for Station 7. Line A is for a depth 
of 2.3 ft; Line B for a depth of 4.3 ft; 


Line C for a depth of 6.3 ft; and Line D 


for a depth of 8.3 ft. 


_ special problem. The instrument must 


be rugged, accurate over a long pe- 


_ riod, reasonably cheap, and easy to 


operate. The mercury bulb type of 
instrument is often used because of its 


_ simple operation. It can be reasonably 


accurate but it may get out of adjust- 


reference temperature errors, and posi- 
tioning errors, as well as personal er- 
rors, may combine to give a substantial 
absolute error in measurement. It is 
thought that the measurements re- 
ported in this paper will be within a 
maximum error of + 1°F; where gross 
errors were evident, results were dis- 
carded. In general, monthly average 
temperatures were used, and _ these 
showed trends which seem quite 
accurate. 


Temperature Observations | 


The new townsite of Yellowknife 
was originally moss covered. The sub-_ 
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soils consist generally of fine sandy 
silts and silty sands. The average 
grain size of soils from certain loca- 
tions are shown in Table 1. In the 
developed areas, the moss cover has 
been removed and the road bases con- 
sist of a 6-in. layer of sandy gravel. 
The effect of removing the moss cover 
is clearly shown in Fig. 3. At Station 
1, under a well traveled lane, the an- 
nual temperature variation at a depth 
of 4 ft is nearly 30°, while under the 
undisturbed moss at Station 7 the vari- 
ation at 4.3 ft is less than 6°. Simi- 
larly, at other depths, the seasonal vari- 
ation under moss cover is much less 
than in the disturbed ground and the 
temperature gradient during winter is 
very slight, indicating relatively little 
heat loss from the moss-covered ground 
under natural snow cover. 

The effect of removing the moss 
cover and the installation of services is 
further illustrated in Fig. 4. At Sta- 
tion 7 the natural permafrost condi- 
tion is maintained with the active layer 
reaching a depth of 6 ft in 1953 and 9 
ft during the unusually warm summer 
of 1954. At Station 1 the permafrost 
has been destroyed to a considerable 
depth, the frost now penetrates sea- 
sonally, as it does in more temperate 
regions. As will be shown later, the 
frost penetration at Station 1 was re- 
duced by the proximity of the water 
and sewer services. 

Annual temperature variations at 
Station 2 are shown in Fig. 5. Lines 
C and B, which are inside and just 
above the pipe, follow one another 
closely. This fact, together with the 
observed warming from December to 
February (at a time when cooling 
should be occurring at the maximum 
rate), indicates the effect of the sewer 
on ground temperatures. The warm- 
ing apparently is quite effective 2 ft 
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above the pipe at A, as shown in> 
Fig. 5 

Figure 5 also shows some interest- 
ing temperature comparisons between | 
Station 1 (located between water and — 
sewer lines) and Station 3 (water lat- 
eral). At Station 1, at the 7-ft depth, 
annual variation is about 27°43 
and at Station 3, at the 7.6-ft depth — 
(top of pipe), it is about 36°-50 a 
The average annual temperature near- 
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— 
Unfrozen 
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Fig. 4. Freeze and Thaw Penetration 


The top portion shows the thaw penetra- tS ay 
tion at Station 7, in undisturbed moss- _ 
covered ground. The bottom portion 
frost penetration at Station 1, under a 

snow-cleared lane. 


the pipe is about 7 
Station 1. A ig off and an ac- 
tual rise in the temperature of the pipe 
during winter are shown. The differ-— 
ence between these two curves can be 
water supply. The temperature pro- 
files shown in Fig. 6, and the iso-— : 
therms of Fig. 7, are further evidence 
of the great effect on ground tem-_ 


peratures of the water and sewer 
systems. 


Wy 
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a 
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Fig. 5. Ground Temperatures at 
Stations 1-3 
The top portion shows data for a sewer 
; lateral under a road at Station 2. Line A 
ts for a depth of 7.3 ft, Line B for 9.1 
ft, and Line C, for 9.3 ft (inside the 
pipe). The bottom portion of the figure 
indicates: Line A, Station 3 at a depth 
of 7.6 ft; and Line B, Station 1 at a 
depth of 7.0 ft. 


For convenience of comparison, 
monthly average ground temperature 
profiles for stations 2-7 are shown in 
Fig. 5. Points on the curves show the 
location of thermocouples. At Station 
2, one thermocouple was led through a 


and it, therefore, measures the air 
_ temperature above the sewage. This 
temperature, on a monthly average 
basis, ranges from 35°F to 42°F, while 
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40°F and may jump to 55°F for a 
short time in the evening. At Station 
3, the sharp temperature rise in the 
pipe during summer is attributed to a 
rise in the lake water temperature to 
about 55°F. Station 6 is an installa- 
tion on the sewer interceptor leading 
to the sewage plant. Station 7 is an 
installation in undisturbed ground. 

Some interesting temperature com- 
parisons are available in Fig. 5. Tem- 
perature variation at Station 2, for in- 
stance, is much less than at Stations 
3 and 6. This is probably because of 
the smaller flow in the sewer lateral 
and the greater soil cover over this pipe. 
The great difference in temperature 
variation between the natural ground 
(Station 7) and service installations is 
particularly striking. The increased 
temperature amplitude is caused mainly 
by removal of the moss cover and 
probably by a change in soil moisture 
conditions, but the distortion of the 
temperature gradient curves obviously 
results from heat exchange with the 
water and sewer pipes. 

The moss insulation was stripped 
from a 12-ft length of water main at 
Station 4 and was left untouched at 
Station 5. The temperature profiles 
show that they are practically identical 
through the year, suggesting that the 
moss insulation is of little or no value. 
Other insulating materials, such as 
fibre-glass, insulated pipe, and wood- 
stave pipe, might have given other re- 
sults under similar operating condi- 
tions. It should be noted that the 
value of a material as an insulator de- 
pends more or less directly on the vol- 
ume of entrapped air in the material. 
If the material becomes wet and the 
voids filled with water, the insulating 
properties are lost. 


30 
35 
30 4 \ \ / 
38 5 
1953 | 1954 1955 
oS the treatment plant in winter is over 
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Upon comparing the temperatures of 
stations 4 or 5 with those of Station 3, 
the effect of volume of flow in the pipe 
on ground temperatures is again seen. 
The frost penetrated to within 3—4 in. 
of the water lateral, but only to about 
12-13 in. above the water main, even 
though the main had less soil cover 
than the lateral. 

Ground temperature isotherms on 
Mar. 6, 1955, for stations 1-3 are 
shown in Fig. 7. These illustrate the 
effect of the water and sewer pipes in 
reducing frost penetration at Station 1. 

Annual ground temperatures are 
shown in Fig. 8. Curve A shows that 
the 1954 annual temperature at Station 
7, where the ground is undisturbed, is 
almost constant to a depth of 8 ft. 
Curve B shows the 1954 annual tem- 
perature at Station 4, which is typical 
of all other stations. Curve C illus- 
trates the annual temperature under a 
snow-cleared surface at Ottawa and 
curve D is the annual temperature 
under natural snow cover. With re- 
spect to surface conditions, curves A 
and D are equivalent, and curve B cor- 
responds to curve C. Other investi- 
gations have also revealed that annual 
ground temperatures are practically 
constant to shallow depths and _ this 
temperature is always greater than the 
annual air temperature. (At Ottawa 
it is more than 6° greater and at Yel- 
lowknife it is about 11° greater.) 
This difference has been attributed to 
the complex heat exchange between 
the ground surface and the atmosphere, 
and to the effect of the snow cover 
(3). 

The difference between curves A 
and B of Fig. 8 shows there is heat 
loss to the ground from the water main. 
Actually, the boundary conditions re- 
sulting in Curve A are different from 
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those shown in Curve B in that, at Sta- 
tion 7, undisturbed snow cover is pres- 
ent and moss cover has not been re- 
moved. For direct comparison, a ref- 
erence station under a cleared roadway 
without pipes would be necessary. 
Based on differences between curves C 
and D, it can be assumed that the true 
annual temperature difference caused 
by heat exchange with the pipes 
(curves A and B) would be somewhat 
greater than that shown. | 


Discussion 


No attempt has been made in this 
paper to relate, through heat conduc- 
tion theory, the measured ground tem- 
peratures at Yellowknife to other vari- 
ables. Any rigorous approach based 
on heat transmission is extremely diffi- 
cult and very involved in view of the 
impossibility of obtaining simple math- 
ematical expressions which adequately 
describe the variations in the climatic 
elements with time. Further formida- 
ble complications are introduced by 
snow cover, which may vary in depth 
and in thermal properties, by the soil, 
including moss cover, with its accom- 
panying water, whose thermal proper- 
ties may vary with time and location. 
In any field experiment designed to 
provide for the measurement of all the 
pertinent factors, it would be necessary 
to evaluate the thermal properties of 
the soil, to obtain accurate flow, tem- 
perature, and heat input data for the 
water and sewer lines, and to record 
continuously the pertinent climatic 
elements. 

The above complications are inher- 
ent in any exact approach to the design 
of systems. There are grounds for 
optimism, however, and preliminary 
studies at Yellowknife as well as at 
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Fig. 6. Monthly Average Ground Temperatures at Yellowknife 


Lines show data for the following: A—September 1954; B—November 1954; C— 
January 1955; D—March 1955; E—May 1955; and F—July 1955. 
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other piaces show that, by introduc- 
ing approximations in the theoretical 
approach and by adjusting the neces- 
sary coefficients on the basis of field 
measurements, manageable and useful 
relationships can be established. Much 
work will be required before this can 
be achieved. 


Ground Surface 


Wie 
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in the design of other systems. Spe- 
cifically, the data presented illustrate 
the effect of a heated water supply on 
ground temperatures and frost penetra- 
tion and add to the general information 
on ground temperatures. They show 
the great effect of removing moss cover 
in permafrost regions and yet indicate 


ix 


Station: 1 


Station 2 


6, 1955, at Stations 1-3. 


In the meantime, there is only very 
limited experience for use as a guide 
in laying out systems in permafrost. 
Ground temperature data such as those 
which have been presented are useful 
in evaluating protective measures taken 
against freezing in a particular sys- 
tem, and they provide some guidance 


Fig. 7. Annual Ground Temperature Variations 
at Yellowknife 


Approximate ground temperature isotherms are given for Mar. 
Temperatures shown are in degrees 
Fahrenheit. 


that moss has little insulating effect 
when placed around pipes. This evi- 
dence supports the contention that wet 

moss is not a good insulator in the nor- _ 
mal thermal sense; when moss is pres- 7 
ent at the surface, however, it 4 
the permafrost, through evaporation, 

by redirecting the heat which it re- 
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Fig. 8. Relationship Between Air Tem- 
perature and Annual Ground 
Temperature 


Lines indicate data for the following: 
A—undisturbed ground at Station 7, 


C—pit under a snow-cleared surface, Ot- 
_tawa; and D—under natural snow cover, 
Ottawa. 


pian B—Station 4, Yellowknife ; 


Temperatures are annual tem- 
peratures for 1954. 
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ceives during the summer from above. 
Probably the most important feature 
of these observations is that they give 
a general picture of the changing ther- 
mal regime in the ground when munici- 
pal services are installed in a region 
of permafrost. The two main prob- 
lems—the amount of heat which may 
be required for a particular installation 
to keep pipes from freezing, and the 
most economical depth at which to 
bury the pipes—are not yet specifically 
solved. This investigation, however, 
has provided the background for the 
planning of future research on these 
important questions. 


Other Underground Systems 


There follow brief descriptions of 
other underground systems in perma- 
frost conditions. 

Aklavik, Northwest Territories. 
About 200 persons are served by an 
above-ground summer distribution sys- 
tem. Water is pumped from a small 
lake through a diatomaceous earth fil- 
ter, and then chlorinated. The system 
operates from about June 1 to Sep- 
tember 20. 

Churchill, Man. <A large army base 
at Churchill has a steam-heated, re- 
circulated, water system consisting of 
a wood-stave supply main and distri- 
bution system consisting partly of 
utilidors, which are large insulated 
ducts carrying water, sewer, and steam 
lines, usually above or just below 
ground level. 

Dawson City, Yukon Territory. 
This town, with a population of 300, 
has lines of wood-stave pipe in gravel, 
at a depth of 1.5 ft. The pipe was in- 
stalled in about 1900, the time of the 
Yukon gold rush. Water is pumped 
from the Klondike River or wells, 
heated to 42°F, and bled to sewers 
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through partially opened 2-in. valves in 
residences and at the ends of mains. 
The temperature of the bleeder water 
at the end of the system reaches 36°F 
in winter. The temperature drop of 
6° is not surprisingly great when it 
is considered that nearly 2 mgd are 
pumped through the small system. 
The system is owned and operated by 
the Dawson City Water and Power 
Ltd. 

Fairbanks, Alaska. Fairbanks, with 
a population of 7,500, has a single-main 
wood-stave pipe system with dual cop- 
per service connections. It was in- 
stalled in 1954. The 3-fps velocity in 
the mains provides sufficient velocity 
in the dual house connections to pre- 
vent freezing, even though they are 
only at a depth of 6 ft. Cost of this 
system was $2,600,000, while a dual- 
main recirculating system, such as at 
Yellowknife, was estimated at $3,- 
500,000 and a steam tracer system at 
$4,700,000. 

Flin Flon, Man. Flin Flon, with a 
population of 10,000, supplies water 
which is preheated to 40°F and recir- 
culated as at Yellowknife.’ The return 
water is maintained at 38°F. Ade- 
quate circulation is considered to be 
the critical factor. Water and sewer 
lines are laid together, often at shallow 
depths or even above ground, in 
wooden boxes insulated with shavings. 
The supply pressures at the two pump- 
ing stations are 70 and 100 psi, re- 
spectively, and the return pressures are 
8-20 psi less than that, depending on 
the freezing hazard. To heat the 
water, an average of | gal of bunker 
oil is burned for every 1,000 gal of 
water pumped during the heating sea- 
son. This represents approximately 
the amount of heat required to raise 
the temperature of 1,000 gal of water 
by 8°. 
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Fort Smith, ‘Northwe st Terr ritories. 
Fort Smith has a population of 400. 
A single-main system, laid at a depth 
of 8-10 ft, distributes heated, treated, 
river water. To maintain movement, 
water is bled at dead ends. A three- 
bulb recording thermometer was _ in- 
stalled at a Y branch in the system 
and has been helpful in determining 
which pipes are in danger of freezing. 

Whitehorse, Yukon Territory. A 
limited portion of Whitehorse (popu- 
lation 2,000) is served by the army 
water supply system, which consists 
of pumping unheated water from Mc- 
Intyre Creek through a main feeder 
at a depth of 6~7 ft, and then through 
bleeders. A new system is now being 
installed and water will be pumped 
from the Lewes River or wells through 
a distribution system at a minimum 
depth of 9 ft. House connections will 
have orifice bleeders @j in. in diameter, 
through which water will as to 


the sewer. 
~bhg 
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the south side. 


hatched. 


Correction 


7 hydraulic grade line (operating range) should be crosshatched. 
Fig. 9, on p. 648, the crosshatched area above the 1,700-ft line should be single 
7 ™ read “Consumption.” 


The paper “Pump System Analysis and Planning Methods Used in the Los 
Angeles City Water System” by Roland Triay Jr. (June 1956 JourNAL, Vol. 48, 
pp. 629-653) contained several editorial errors. 
- symbols in Fig. 5 should point North, as they are fed from another system on 
In Fig. 8, on p. 646, the single-hatched area below the 1,700-ft 


On p. 640, the check valve 


Similarly, in 


Also, in Fig. 10, on p. 649, all legends reading “Total Output” should 
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A paper presented on Mar. 22, 1956, at the Illinois Section Meeting, — 


Chicago, Ill., by Orville J. Smith, Chemist, Quincy Water Works _ 


Com., Quincy, Il. 


A GREAT deal of informative ma- 
terial has been prepared on the 
use of activated silica in water plant 
operation since its first successful 
large-scale use by John R. Baylis in 
1937. Baylis activated a soluble sili- 
cate by diluting it to 1.5 per cent SiO, 
and neutralized 85 per cent of the alka- 
linity with concentrated H,SO, until 
an alkalinity of 1,100-1,200 ppm re- 
sulted. After aging for 2 hr, the solu- 
tion was finally diluted to 0.6 per cent 
SiO,. The resulting dilution proved 
to be a valuable aid to coagulation. 

The object of this article is to report 
the various advantages available for 
plant treatment by activating silica on 
a continuous basis with chlorine. 


Theory 


Activation, or colloidal micelle 
growth, occurs through a release of 
silica from sodium silicate. The de- 
gree of activation is controlled by [1] 
the starting dilution of the sodium sili- 
cate, [2] the amount of time set for 
aging, [3] the amount of neutraliza- 
tion, and [4] the temperature of the 
makeup water. Properly activated 
silica assumes the characteristics of a 
negative colloid. Certain alum color 
or clay flocs carry an excessive positive 
charge. Thus, by striking a proper 
balance between the charges, it is pos- 
sible to obtain a neutralization between 
them and, as a result, depeptize the floc 
particles. This results in a tougher 


and denser floc which settles very 


Background 


In the years since the first use of 
activated silica for water plants, many 
other chemicals besides H,SO, have 
been utilized for partially neutralizing 
alkalinity in preparing sodium silicate 
for use as a coagulant aid. Some of 
these chemicals are aluminum sulfate, 
sodium bicarbonate, sodium aluminate, 
sulfur dioxide, carbon dioxide, ferrous 
sulfate, and ammonium sulfate. Any 
of these chemicals, when used in cor- 
rect proportions, will provide activated 
silica. 

The first method of producing acti- 
vated silica was the batch method. 
This was successful, but it involved 
a large storage problem because of 
dilution, neutralization, and aging. 
Continuous-activation methods which 
reduce this storage a are now 
available. 


Conditions at Quincy 


The general treatment of water in 
Quincy, Ill., is prechlorination, and 
then coagulation with alum. After 10 
min of over-and-under mixing, the 
water is allowed to settle in a plain 
sedimentation basin for a period of 45 
min. It is then softened, clarified, re- 
carbonated, and allowed to settle for 2 
hr before filtration. 
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At Quincy, the most difficult coagu- 
lation problem occurs in the early 
spring of the year, resulting from the 
thawing and melting of snow on the 
upper Mississippi watershed. By the 
time the water reaches Quincy, the 
heavier particles of sediment have set- 
tled out and the continuous turnover 
on passing through twenty dams on the 
upper stretches of the river has caused 
any remaining sediment to be very fine, 
colloidal, and high in color. The tur- 
bidity is 300-500 ppm with a low 
alkalinity of 80-110 ppm and a low 
hardness of 110-130 ppm. 

Because the magnesium content of 
the water is low at this time, no appre- 
ciable help can be expected from the 
softening reactions. To some extent, 
this condition is repeated in June, when 
the Mississippi generally has a flood- 
ing condition because of the spring 
rains in Iowa. The turbidity at this 


time is usually higher, but it is much 


easier to handle because of the larger 
particle size. Presedimentation will 
reduce the turbidity by almost 50 per 
cent at this time, while little effect is 
shown by presedimentation in the 
early-spring condition. This problem 
was formerly met by adding soda ash 
in conjunction with alum and chlorine, 
thus producing an artificial alkalinity 
with which the alum could react. This 
method proved fairly effective, but high 
coagulant dosages of 50-80 ppm of 
alum and 10-15 ppm of soda ash were 
sometimes necessary. 

Activated silica had been used occa- 
sionally in jar tests which indicated 
that it might be an effective coagulant 
aid in working with the difficult 
conditions. 


Use of Activated Silica 


Activated silica was introduced at 
the Quincy plant in October 1953. 
Equipment for chlorine—activated silica 
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treatment was installed on a trial basis 
at this time. Because plant treatment 
already included prechlorination, no 
additional chemical costs were incurred. 
In the process of activation, 41°F 
sodium silicate is pumped at a preset 
rate into a baffled mixing chamber, 
where it is activated by a controlled 
volume of chlorine solution. It is then 
aged a short time, diluted, and ejected 
to the point of application. It was 
found most satisfactory to make the 
silicate application in conjunction with 
prechlorination in the first over-and- 
under baffle preceding the alum feed. 
The results of this treatment can 
best be judged from the records for 
March—July of 1952 and 1953, when 
silica was not used, and for the same 
months of 1954 and 1955, when it was 
in use. The average daily turbidities 
during these two periods were prac- 
tically identical, reflecting the Missis- 


sippi runoff in early spring and the 


rise in early June. In 1952 and sn 
the daily turbidity averaged 229.5 
ppm, and 36.18 ppm of alum and 7.57, 
ppm of soda ash were used in treat- 
ment. The comparative months of 
1954 and 1955, when activated silica 
was used, show an average daily tur- 
bidity of 225.5 ppm, and 25.89 ppm 
of alum and 3.70 ppm of 41°F sodium 
silicate were used in the plant treat- 
ment. This average dosage of sodium 
silicate represents 1.06 ppm of acti- 
vated silica. The comparative costs 
show an overall reduction in chemical 
treatment of 33.8 per cent for the 
activated-silica treatment, 20 per cent 
of which was a saving on alum as a 
coagulant. 

The use of activated silica has been 
continued on a year-round basis in the 
plant treatment, an average of 1 ppm 
activated silica to 10 ppm alum being 
used. Although the river turbidities 
are not usually high during the fall and 
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winter months, this treatment indicates 
that it is of benefit in coagulating cold 
waters and the residual silicate carried 
over is an aid in the reduction and 
coagulation of magnesium hydroxide in 
the softening process. A saving of 30 
per cent for coagulants, exclusive of 
soda ash, is indicated by the year- 
round use of activated-silica treatment. 

A condition of the Mississippi River 
water that has occurred during the late 
autumns of the past few years is the 
high pH of raw water. A pH of 9.27 
was recorded in the fall of 1954. This 
was not particularly a problem, be- 
cause the turbidity was low and co- 
agulation was followed by softening. 
Only 20 miles downstream, however, 
in an ordinary coagulation plant, treat- 
ment difficulties arose which finally 
had to be solved by acid treatment 
before there was proper coagulation. 
\t the time, it was noted in the Quincy 
plant that the floc formed by the use 
f 10 ppm of alum and 1.0 ppm of 
ctivated silica was small, but this floc 
completely disappeared when the silica 
was omitted from the treatment. This 
was a definite indication that activated 
silica would extend the flocculation 
range for alum and, in this case, elimi- 
ate the use of an acid treatment. 

As is true with most new opera- 
tions, a few difficulties arose with the 
equipment used. The baffled mixing 
chamber caused some trouble because 
f premature gelation when operated at 
1 high rate, which made it necessary 
to change the chamber more fre- 
quently than the expected one time a 
day. A second problem of premature 
gelation was eliminated by the installa- 
tion of a 5-kwhr heater on the tray 
water and dilution water supplies. 
[he temperature of these supplies is 
now held at 60°F during the winter 
months. 
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While 
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throughout the year has shown it to be 


a valuable addition to plant treatment — 
at Quincy, there are certain conditions — 
which arise in water quality that indi-- 
cate it is not the complete answer to 
all coagulation problems. 
condition occurred during the last few 
weeks of February. During the win- 
ter, to allow maintenance work on the 
lock, the pool stage of the water above 
the Quincy dam had been lowered 4 or 
5 ft below the normal stage. It was 
not brought back to its normal stage 
until the last week in February. This 
allowed a lot of trapped water in the 
sloughs and bays above Quincy to cir- 
culate and mix with the river. Be- 
cause there had been little precipitation 
during the winter months, the resulting 
mixture was highly colored. No 
amount of activated silica up to the 
machine capacity of 5 ppm seemed to 
aid coagulation. 


to a higher dosage of alum. 


Conclusion 


One such 


d 


The only alternative 


was to cut the silica dosage and resort ~ 


The author does not wish to imply — 


that, because the activation of sodium 
silicate with chlorine is the method he | 
used, it is the best or only continuous 
method for activation. The particular 
method of activation is best selected by 


plant treatment. 

Regardless of the method, however, 
the use of activated silica is a valuable 
addition to plant treatment. At 
Quincy, it has resulted in a decrease in 
coagulation costs without sacrificing 
water quality, and acted as an aid in 
the softening process for the coagula- 
tion and reduction of magnesium, a 
means of extending the pH range of 
a coagulant, and a way of securing» 


better overall treatment of cold water. © 
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Chemist, Wallace & Tiernan, Inc., Belle- 
ville, N.J. 


The behavior of colloids in the con- 
centrations encountered in water treat- 
ment is not well enough understood to 
reduce to a formula the behavior of 
- coagulants and coagulant aids. Even 
with the instruments available to most 
water works laboratories, proper co- 
agulation requires judgment based on 

experience. In many plants, however, 
the use of activated silica has been 
found to be a valuable aid in reducing 
the problems involved in coagulation 


+ and clarification. 


a Related Factors 


Activated silica is not a cure-all for 
coagulation problems. It is a coagu- 
lant aid and, as such, is extremely de- 
pendent upon the proper application 
and use of the primary coagulant. An 
illustration of this is the pH factor. 
All waters have a definite pH at which 
optimum coagulation occurs with a 


foes 


given coagulant. This is also the pH 
at which maximum benefits may be 
: expected from a coagulant aid such as 


activated silica. It is also true that 
satisfactory coagulation may be ob- 
tained at pH values differing somewhat 
from the optimum, particularly when 
a coagulant aid is used, and reduced 
operating costs may result through 
savings in alum or other coagulants. 
This fact is also the basis for the state- 
ment that activated silica will extend 
the pH range of a coagulant. 

The period of difficulty which the 
author described as occurring in Feb- 
ruary required large alum dosages fo 


r is a good example of the use of acti 
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Robert J. Baker he coagulation. It is quite probable that 


the optimum pH had changed consid- 
erably. The fact that activated silica 
did not seem to help is not particularly 
surprising. There was probably a 
combination of dosages and points of 
application that would have been help- 
ful, although practical considerations 
made this impossible. 


Versatility 


The wide variety of water treatment 
processes in which the use of activated 
silica is beneficial is a tribute to its 
versatility. Some examples of this will 
illustrate the variety of treatment proc- 
esses where activated silica is being 
used in water clarification. 

Iron, present as the soluble ferrous 
bicarbonate in well water, is removed 
in one plant by the addition of chlorine- 
activated silica with enough additional 
chlorine to oxidize the iron to the in- 
soluble ferric hydroxide. The silica 
acts as a coagulant aid to the iron 
floc formed. No other coagulant is 
necessary. 

Another iron removal plant gets its 
raw-water supply from well fields 
Occasionally, some of the iron is oxi 
dized, depending upon which wells are 
used, and at other times some growths 
of Crenothrix slough from the supply 
lines. Here again, chlorine is used to 
oxidize the iron still in solution, 8 ppm 
of alum is added, and 2 ppm of 
chlorine-activated silica is used as a 
coagulant aid. In both of these in 
stances, iron removal is accomplishes 
at a pH of approximately 6.2. 

The treatment described at Quincy 
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vated silica in the clarification of sur- 
face waters. The majority of users 
fall within this category of treatment. 
At Quincy, however, the water is later 
softened. Although dosage rates of 
activated silica vary from 1 to 13 ppm, 
the average is 3-4 ppm. 

Color is most easily removed by co- 
agulation at a pH of approximately 5. 
When a coagulant such as alum is 
added at this pH, a so-called “color 
floc” is formed, usually small and 
insufficient weight to settle rapidly. 
Activated silica, when used with alum 
as a coagulant aid, has been found to 
be beneficial in forming a larger, heav- 
ier floc. 

When surface water is softened by 
the lime or lime-soda method, a small 
amount of coagulant is necessary to 
coagulate the precipitated carbonates. 
Activated silica, usually in amounts of 


4 ppm or less, has been used success- 
fully in reducing the coagulant dosage 


tow 


et 
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needed and, at the same time, in pro- 
ducing a more dense floc. In the event 
that the raw water to be softened has 
no turbidity—as is true with well 
water—and has sufficient magnesium, 
no coagulation is necessary. Lime, in 
a sufficient amount to maintain the pH 
at 10.8-11.0, will cause the precipita- 
tion of magnesium hydroxide which 
acts as a coagulant. Activated silica, 
acting as an aid to the magnesium floc, 
is the only other coagulating chemical 
required. 


Conclusion 


Within the category of treatment 
processes listed previously, there are 
several types which have widely dif- 
ferent characteristics and use activated 
silica for a variety of reasons,—the 
most common one probably being to 
produce a quicker settling floc. Mul- 
tiple benefits, such as those reported 
at Quincy, are quite common. 
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Toppling of an Elevated Tank at 


New London, Minn. a 

Staff Report 
dea A report based on information supplied principally by Lester Lee, engi- 
Alike or with the firm of Hitchcock & Estabrook, Inc., Minneapolis, Minn, i 
T New London, Minn., last Feb- cursory investigations of the failure 
ruary a  50,000-gal elevated could be made, but by the end of April 


steel water tank (Fig. 1), which had 
been in service only 19 months, top- 
pled for no apparent reason. Having 
been reported as “leaning slightly” the 
night before, the spherical tank, 65 ft 
above grade, tipped over so that its 


New London Tank, Autumn 1954 


supporting cylinder buckled in two 
places, 
position of an inverted U (Fig. 2). 


leaving the structure in the 


As there was snow on the ground and 


7 or 8 ft of frost in it at the time, only 


a thorough study had been carried out 
by both the consulting engineers and 
the firm which had built and erected 
the tank.* 

Neither engineering survey disclosed 
any defect in the tank itself or in its 


Fig. 2. New London Tank, February 1956 
supporting structure, and, even up- 
ended, the tank showed no sign of col- 


* Consulting engineers were Hitchcock & 
Estabrook, Inc., Minneapolis, Minn., and the 
tank manufacturers and erectors were the 
Chicago Bridge & Iron Co., Chicago, III. 
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lapse. Footings were 8} ft in depth in 
fine white sand that was entirely con- 
fined. The structure was designed for 
4,000 psf loading, and actual load was 
less than 3,000 psf plus wind pressure 
At the time of the failure there was 
practically no wind, and even winds of 
100 mph would have left total load less 
than that for which the supports were 
designed. Still another indication of 
the soundness of the basic structure 
was the fact that the concrete footings 
had not even cracked. 

Inquiries by the engineers revealed 
that a water service connection had 
been installed to a nearby home in the 
late fall of 1955. In uncovering this 
line, they found that at one point it 
came within 5 ft of the footings, the 
trench being about 2 ft deeper than the 
bottom of the footings. As the soil 
at that point was extremely fine sand— 
probably passing a 100-mesh sieve—it 
was assumed that there must have been 
a flow of sand from under the foot- 
ings, undermining the structure. This 
theory was borne out by the fact that 
the side of the footing nearest the 
trench had settled approximately 6 
in., a condition most unlikely in that 
area in the absence of undermining. 
The normal angle of repose of the soil 
is approximately 30 deg. Trench ex- 
cavations for sewer and water lines 
have been unsupported throughout the 
area, even to depths of 20 ft, and the 
sides of trenches during construction 
have stood without caving at slopes of 
14:1 and 2:1. Drainage, too, is excel- 
lent, and there was no water on the 
inside of the footings at any time prior 
to failure. 

The fact that the settlement and top- 
pling of the tank occurred approxi- 


A WATER TANK 


mately 5 months after the trench had — 


Fig. 3. Backfill Unconsolidated After 
2,000 Years 


The soil backfilled into the excavation for 
the clay pipe drain is still clearly distin- 
guishable from the undisturbed soil. The 
drain was installed by plumbers of the — 
ancient Babylonian city of Nippur, in ap- 
proximately 250 B.C. (Photograph : 


courtesy of CLAY, 
Sewer Pipe Assn 


published by Clay 
Akron, Ohio.) 
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been backfilled and compacted hardly 
disputes the theory. As a matter of 
fact, the length of time required to 
compact soil to its original density is 
difficult to judge. In one soil in Iraq, 
2,000 years seems to be insufficient if 
the evidence of Fig. 3, showing an 
excavation next to a clay pipe drain 
at least that old, is indicative. With 
no other probable cause to be found, 
the firm which constructed and erected 
the tank has been completely absolved 
of responsibility for the failure. Even 
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so, recognizing the financial signifi- 
cance of the occurrence to a village 
of 800 population, the firm is erecting 
a replacement at no cost to the 
community. 

The new tank is to be erected on 
the same site as the old one, but the 
hill will be cut down to a point where 
the bottom of the new footings will be 
below the present street grade. And 
provisions are also being made to pre- 
vent any excavations within 25 ft of 
the footings. 


Detroit Safety Program 


The annual report of the Department of Water Supply, Detroit, Mich., for the 
period Jul. 1, 1954-Jun. 30, 1955, contains some interesting statistics on safety, 


as shown in the following table. 


Division 


Exposure 
man-hours 


Maintenance and construction 
Filtration and pumping 


1,092,324 
670,692 


Number 
Lost-Time 
Injuries 


30 


Frequency 
Rate 


10.3 


Commercial 13.6 


Engineering 
Building operations 
Other main office 


2 600,866 


As might be expected, the largest source of disabling injuries was the Main- 
tenance and Construction Division. The most serious injuries, however, un- 
doubtedly occurred in the Filtration and Pumping Division, where the average 
time charge per injury was 46.4 days, as compared to 17.2 and 10.9 days for 
the Commercial Division and the Maintenance and Construction Division, 
respectively. 

The direct cost per injury averaged $43.09 and covered 240 nondisabling in- 
juries (first aid) and 48 disabling injuries. (Direct costs cover only those items 
involving the utility, such as compensation and medical costs.) Indirect costs 
are not given, but are usually considered to be approximately four times greater 
than direct costs, 
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Preparation of Engineering Reports 
for Management 
Bruce G. McCauley — 


iu A paper presented on Oct. 28, 1955, at the California Section Meeting, —— 


- Sacramento, Calif., by Bruce G. McCauley, Vice-Pres., Shand & Jurs 
bs Co., Berkeley, Calif., formerly Asst. Prof. of Mech. Eng., Univ. of { 
California, Berkeley, Calif. 


N° business could function today 
without written reports, letters, 
memorandums and other instructions. 
Writing is the main pipeline through 
which we transmit our ideas to our 
superiors, to those who work for us, 
and to the public in general. It is ex- 
tremely important, therefore, that writ- 
ten reports effectively communicate the 
ideas they are intended to convey. 
This is especially true in a technical 
field such as the water works industry. 
All who are associated with this indus- 
try must surely be aware of the tech- 
nical engineering atmosphere which 
prevails. Unfortunately, many of 
those with whom business must be 
transacted daily are unfamiliar with 
the more technical aspects of the 
industry. 

City councils, county officials, state 
legislators, even boards of water works 
directors, all must reach decisions and 
take action on the basis recommenda- 
tions which are substantiated in engi- 
neering reports. Yet the great ma- 
jority of these men have no_back- 
grounds in engineering, or even in the 
sciences—a fact which must always be 
considered when preparing technical 
reports. 

Not only is it important to prepare 
reports that are easily understood; it 
hould also be remembered that the 


costs of preparing reports are continu- 
ally increasing. The recently an- 
nounced findings of the Hoover Com- | 
mission task force studying paperwork 7 
indicate that an ordinary 175-word let- 
ter costs from $0.70 to $2.45 to dictate 
and prepare. Thus, an engineering 
report which does not accomplish the 
purpose for which it is prepared be- 
comes a costly extravagance indeed. 


Planning the Report 


The first, and perhaps the most im- 
portant, step in preparing a report is 
to plan and outline the objective. 
Having determined the purpose for 
which the report is being written, the 
writer must keep that purpose con- 
stantly in mind throughout all of the = 
following steps of preparing the report. — 7 

At the outset, therefore, it is ex- 
tremely helpful to state as clearly as 
possible the major objective of the re- 
port. Having correctly determined the a 
subject, the writer should attempt to — 
confine himself to it. Suppose, for ex- — 
ample, the purpose is to justify a rec- - 
ommendation for the expansion of 
water purification facilities. Then, 
only material pertinent to this objec- 
tive should be included in the report. 
If, in the development of the report, 
the writer encounters other subjects 
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which appear important, these should 

be presented in separate reports. 
In planning the report, it is wise to 
consider the reader for whom it is in- 
tended. As reports reach the higher 
Jevels, those who read them are less 
interested in the technical details and 
more interested in their economic and 
administrative implications. Occasion- 
ally, reports are read by civic groups 
and others who may have no technical 
background. The effective writer is 
one who keeps his readers’ interests 
and characteristics foremost in mind. 
A report that is not understood or 
does not arouse the reader’s interest is 
generally unfavorably received. The 
writer, therefore, should always be 
alert to factors which will maintain the 
reader’s interest. In his investigations 
the writer should aim at the subject, 
but in his report he should aim at the 
reader. 

To make the presentation flow 
_ smoothly, the writer should consider 
in advance what he wants to say. A 
helpful method of developing the 
framework is to list on a separate 
; 3 x 5-in. card each distinct idea that 
_ the writer wishes to present. When 
all the major points have been covered, 
including any references to tables, 
graphs, or illustrations, the cards can 
be conveniently rearranged into the 
best sequential order. By such a 
method the problem of developing the 
order of presentation into a coordi- 
nated pattern is greatly simplified. An 
outline developed in this manner forms 
_ the structural framework on which are 
> hung the various elaborations and am- 
plifications developed later. 
‘With the outline as his guide, the 
writer is now prepared to begin the 
actual writing of the report. There 
ns which can 
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assist him in preparing an effective, 
interesting report that will achieve the 
purpose for which it is intended. 
Briefly, let us consider some of the 
more obvious—and more important— 
guides to effective writing. 

In the first place, a report should 
be written in much the same manner 
that the author would use for saying it. 
One of the most frequent faults of tech- 
nical writing—or, for that matter, of 
any writing—is the tendency to write in 
complex, stilted, and unnatural terms. 
Rather than saying that lining the in- 
side of a pipe with concrete is “condu- 
cive to a diminution of corroding trans- 
formations,” the writer should plainly 
state that the concrete lining “reduces 
corrosion.” The use of complex 
words and technical terms may be im- 
pressive, but if they confuse and even 
antagonize the reader, more will be lost 
than gained. As Robert Gunning, au- 
thor of The Technique of Clear Writ- 
ing (1), has put it: “Write to express, 
not to impress.”’ 

It is generally advisable to keep 
sentences short. Short sentences serve 
two useful purposes. First, they are 
much easier to write than those that 
become long and involved. Second, 
they are much easier to understand 
than those in which the reader becomes 
lost in a network of qualifying clauses 
and phrases. Lengthy and complicated 
sentences rob the reader of valuable 
time which could be spent studying 
the report instead of translating it. 

Rudolf Flesch, in The Art of Read- 
able Writing (2), places articles with 
an average sentence length of 21 words 
in the “fairly difficult” reading cate- 
gory. This same category included an 


average of 155 syllables per 100 words 
and represented the high school gradu 
ate reading level. 

Even more pertinent to the subject 
the fact 


under 


discussion is that 
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Flesch found the average scientific arti- 
cle to be in the category which most 
college graduates would find “very dif- 
ficult.” Furthermore, in terms of 
human interest such writing was rated 
in the lowest or “dull” category. 

Paragraphs, as well as sentences, 
should be brief to facilitate rapid com- 
prehension. Only one separate and 
complete thought should be included 
in each paragraph. There is also a 
psychological advantage in short para- 
graphs: the additional open space 
which they create provides the reader 
with a valuable pause in which to col- 
lect his thoughts and a feeling of not 
being overwhelmed by the bulk of 
words before him. 

Specific examples should be used 
wherever possible. A concrete illus- 
tration drives the nail home far more 
surely and frequently than vague, gen- 
eral statements, which do not have the 
effectiveness of references to situations 
with which the reader is familiar. 

Active verbs should be used wher- 
ever possible. “When silver paint is 
applied to a water tank more heat is 
reflected,” las far less vitality than 
“Painting a water tank silver makes it 
reflect more heat.” The writer’s goal 
should be to keep his subject constantly 
moving, not standing still. Use of the 
imperative mood—“Examine the meter 
and proceed ... ,” for example—is 
ilso extremely effective. At all times 
the writer should be dynamic, rather 
than static—active, rather than passive. 
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The Seven C’s 


Everyone knows that the seven seas 
have long been a means for going 
places. The following are what might 
be called the “seven C’s” of good writ- 
ing. If properly applied, they should 
lead to smooth sailing in the prepara- 
tion of engineering reports. 


ENGINEERING REPORT WRITING © 


To be effective, writing should be: 
[1] clear, [2] complete, [3] coherent, © 4 
[4] concise, [5] correct, [6] cordial, — ‘ 
and [7] convincing. 

Let us briefly examine each of these 
seven requirements and see how they 
can help produce good reports. 

1. Clear. Our major purpose in any 
written communication is to transmit 
ideas that are clearly understood. We 
have already discussed some of the 
benefits to be gained from using short | 
sentences and paragraphs; from avoid- 
ing big words and complex technical 
terms ; from being concrete and not ab- 
stract. It is easy to see how active and 
imperative verbs will add life and in- 
terest to a report. Ideally, the mate- 
rial should be presented in such a man- 
ner that it can be read and understood 
as quickly and easily as possible. The 
reader should understand at once what 
the situation is or what has happened. 
The information should be presented 
in a way that maintains the reader's 
interest all the way through the report. | 

2. Complete. The report must sup- | 
ply all the data which the reader will = 
require to understand fully the ide?s 


the writer is attempting to convey. An i 
attempt should be made to anticipate : 
every question or objection which 
might be raised. If at all possible, an 
acceptable answer should be included 


in the report before the question ever 
comes up. There are a number of other 


small details which contribute to the © 
completeness of the report and a : 
fore increase the chances of a favor- — 

able reception. The report should be — 
dated and signed. It should be ll 


for whom the report has been pre- 
pared. Under certain circumstances, 
it should also be made clear whether 
a reply is expected and if all action will 
be held in abeyance until specific in- 


structions are received. 
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3. Coherent. The value of a well 
planned outline has already been em- 
phasized. Such an outline arranges 
the various sections of the report into 
a logical sequence. The several sec- 
tions must follow a natural progres- 
sion and should not be mutually ex- 
clusive. There should be a definite 
link between each of the sequential 
steps through which the reader is led 
in the orderly pursuit of the writer’s 
intention. All writing represents an 
attempt to transmit ideas to the reader. 
Most water works men are familiar 
with the friction losses that occur 
when water flows in a pipe. In like 
manner, when words flow in the chan- 
nels of written communication an at- 
tempt should be made to minimize 
abrupt changes in direction and other 
causes of ‘friction losses.” These re- 
duce transmission speed and develop 
turbulence and eddy currents which 
distract the reader from the smooth 
flow of ideas. 

4. Concise. 


The people by whom 
the report is read probably spend a 
great deal of time reading written ma- 


terial in one form or another. For this 
reason, there exists a very real obliga- 
tion to save the reader’s time. Fur- 
thermore, a report which does not get 
to the point quickly, which contains 
superfluous discussion, and which in- 
cludes many meaningless stock phrases 
and unnecessary words, is certain to 
arouse little interest in the busy execu- 
tive. Often writers tend to tell the 
reader all they know about the subject 
rather than just the information he 
needs to know. Many _ unessential 
ideas and elaborations are included 

that need not be expressed at all. A 
good report which contains only the 
essential facts can express much in 
only a few words. 

5. Correct. A report is of little 
value unless it is based on the facts 
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which the writer has been able to de- 
termine. If it is only based on an 
opinion, this should be stated. Care 
should be taken that any such state- 
ments of opinion conform with com- 
pany policy. Misstatements of fact and 
policy can be costly and embarrassing. 
All figures and data should be double- 
checked for accuracy. The report 
should also be free from errors of 
grammar, spelling, and punctuation. 
Such errors tend to lower the reader’s 
opinion of the worth of the report, as 
well as disrupt his comprehension of 
the report’s message. 

6. Cordial. It has already been em- 
phasized that the writer should act as 
though he were speaking personally to 
the reader. Conciseness in a report 
need not make it a cold, unfriendly 
document. On the other hand, the 
elimination of the old, familiar, quali- 
fying phrases and clauses demands that 
particular attention be devoted to mak- 
ing the reader feel that the report was 
addressed personally to him and in a 
warm and sincere manner. Care 
should also be taken to assure that 
the report is free from words which 
would needlessly antagonize the reader. 
There should be no ultimatums, in- 
sinuations, or hidden accusations. In 
certain delicate and touchy situations 
this may require considerable tact in 
handling a matter graciously, yet 
effectively. 

7. Convincing. If the writer does 
not sound entirely convinced of the 
wisdom of his suggestions, there is 
little likelihood that the reader will be 
completely satisfied. Writing in a posi- 
tive tone that evidences a mastery of 
the subject and an assurance of the 
soundness of one’s recommendations 
will help sell one’s ideas to the reader. 
Those who read the report will appre- 
ciate a firm, convincing attitude on the 
writer’s part. They sincerely hope to 
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receive a report in which they too can 


place the utmost confidence. 


The form and arrangement of the 
report itself can do much to improve 
management’s acceptance of it and gain 
its wholehearted approval. The title 
of the report should be as short as pos- 
sible and yet be completely descriptive 
of its purpose. The title should tell 
the reader as briefly as possible what 
the report contains. 

If the report is at all lengthy, a con- 
cise summary should be presented at 
the beginning. Such a summary should 
indicate the purpose of the study, the 
pertinent findings, and the major rec- 
ommendations and conclusions to be 
drawn from the investigation. The 
summary is similar to the lead para- 
graph in a newspaper article. It pre- 
sents the major facts, but very few 
details. It arouses the reader’s interest 
and creates a desire to read the rest of 
the report. 

For long engineering reports, a table 
of contents is very helpful. It shows 
the sequential arrangement of the re- 
port. It indicates the specific sections 
and the subjects discussed. At a 
glance, it enables the reader to refer 
directly to those sections in which he 
is most interested. 

A generous number of charts, tables, 
drawings, and other illustrations should 
be used wherever possible. Such vis- 
ual aids create a change of pace and 
tend to rejuvenate the reader’s inter- 
est. They can be effectively used to 
call attention to the major points the 
writer wishes to emphasize. When 
using such pictorial presentations, 
however, one must be careful not to 
include so much detail in them that 
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the reader, lacking an engineering or 
scientific background, tends to become 
confused. 

The proper place for technical de- 
tails is in an appendix. Here are 
buried the factual data so necessary 
to substantiate the findings, but so un- 
interesting to the great majority of 
those who will read and take action as 
a result of the report. 

Several excellent books have been 
written on report writing. Two which 
are particularly helpful in the prepara- 
tion of engineering reports are those 
by Kerekes and Winfrey (3) and by 
Nelson (4). 


It has been seen that effective engi- 
neering reports can be of much value 
in guiding management toward mak- 
ing sound economic decisions. In 
planning and writing the report, con- 
sideration must always be given to the 
attitudes, interests, and backgrounds of 
those for whom it is written. Effective 
writing should be clear, complete, co- 
herent, concise, correct, cordial and 
convincing. Attention to the form and 
arrangement of the report itself pro- 
motes its acceptance. The reward for 
a well prepared engineering report is 


Summary 


its enthusiastic approval by top 
management. 
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HE membrane filter procedure for 
the bacteriological examination of 
water, although not formally intro- 
duced into the United States until 
_ 1947, has been used in Europe for 
- many years. Germany and Russia uti- 
_ lized the membrane filter procedure 
for the bacteriological control of their 
water supplies during World War II, 
when other laboratory facilities were 
not available. Since 1947, many papers 
have been written on the applicability 
and feasibility of using the molecular 
filter (MF) membrane in sanitary 
water analysis. 
: From 1947 through 1954, much re- 
search was devoted to finding an ac- 
ceptable membrane filter procedure for 
detecting and enumerating coliform or- 
ganisms in water. The committee 
which prepared the tenth edition of 
_ Standard Methods (1) recognized the 
: potentialities of the MF membrane 
— procedure and listed it as a tentative 
 enleet. Since 1954, several articles 
_ have been published which recommend 
+ acceptance of the test for the bacteri- 
- ological control of potable waters. 
The procedure recommended in 
Standard Methods employs a two-step 
liquid nutrient application and careful 
control of temperature and humidity 
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A contribution to the Journal by John D. Eye, Assoc. Prof. of Civ. 
and James G. Gardner and Jack F. Neel, Research 
of the Dept. of Civ. Eng., Virginia Polytechnic Inst., 


_ Effects of Media, Temperature, and Humidity on 
the Development of Coliform Organisms 
on Molecular Filter Membranes 


during incubation. The two-step ap- 
plication requires considerable time for 
preparation of media and materials and 
is cumbersome to use because of the 
necessity of transferring the MF mem- 
branes from the enrichment medium to 
the differential medium at the end of 
2 hr. Because of this, efforts have 
been made to develop a simpler proce- 
dure which would yield reliable results. 
Hajna and Damon (2) have reported 
a single-step procedure utilizing a 
modified Endo broth which does not 
require autoclaving or the use of a 
preliminary enrichment medium. Sla- 
netz and Bartley (3) found that an en- 
richment period was unnecessary and 
that the filters could be incubated di- 
rectly on the two-step differentiating 
medium. Sterilized pads containing 
dehydrated scheduled nutrient (DSN ) 
Endo are available commercially ; 
these may be used simply by adding 
sterile water. Goetz and associates 
(4), in comparing the DSN with th 
two-step procedure, stated: “The de 
hydrated schedule appears to perform 
as well or better than the liquid nu 
trient application.” 

The need for carefully controlling 
temperature and humidity has alse 
been questioned. For example, some 
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investigators (5, 6) believe that a 
dropping temperature such as is ob- 
tained in a thermos incubator is ad- 
vantageous because certain types of or- 
ganisms will be inhibited and the size 
of the colonies will be smaller, thus re- 
ducing possible interference and con- 
fluence. Slanetz and Bartley (3) re- 
port that a saturated atmosphere is 
unnecessary because the humidity in an 
ordinary incubator is sufficient to sup- 
port growth of coliform organisms on 
a membrane surface. 

The relative simplicity of the MF 
membrane technique as compared with 
the standard dilution tube test makes 
it particularly desirable for field studies 
and for small water works which do 
not have elaborate laboratory facilities. 
Field kits employing the MF mem- 
brane are available. The early field kits 
used thermos bottles for incubating 
the filtered organisms, whereas recent 
kits are equipped with battery-heated, 
constant-temperature incubators. 

The object of the investigation re- 
ported here is to compare the effect of 
the type of media, temperature, and 
humidity on the development of coli- 
form organisms on MF membranes. 
If these factors are less critical than 
originally believed, the MF procedure 
will be more widely acceptable than at 
present. 

In order to assure that an adequate 
density of coliform organisms would 
be present in each sample, nonchlori- 
nated well water was inoculated with 
a small quantity of raw sewage. By 
the use of several trial-and-error dilu- 
tions, the amount of raw sewage re- 
quired to give positive results and still 
be less than the maximum reliable 
coliform-organism count was deter- 
mined. 

After the dilutions were made, the 
sample was mixed for approximately 
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5 min before the first 50-ml sample 
portion was withdrawn. Each time an 
individual portion was drawn off, a 
small amount was first wasted in order 
to insure a uniform inoculum for a 
given test series. A magnetic stirrer — 
was used to mix the sample. 

The comparison of the development 
of coliform organisms on four media— 
two-step Endo, Hajna-Damon (H-D) 
modified Endo, single-step Endo, and 
DSN Endo—was made in accordance 
with recommended procedures. Dupli- 
cate MF membranes were incubated 
for each medium. 

The study of the effects of dropping 
temperatures of incubation on the de- 
velopment of coliform organisms was 
made by using a gallon thermos jug 
and a quart vacuum bottle as incu- 
bators. The thermos incubators were 
filled with water at 110-115°F at least 
30 min prior to use. This gave each 
container sufficient time to become 
thoroughly heated. Just prior to plac- 
ing the duplicate sealed petri dishes in 
the incubator, the water was adjusted 
to approximately 98°F. Various rates 
of temperature drop were obtained by 
suspending the thermos units outside 
laboratory windows, by placing them 
at room temperature, and by putting 
them in an incubator in which tem- 
peratures of 540°C could be held con- 
stant. Control samples were incubated 
in a constant-temperature incubator, 

All temperatures were recorded by 
a six-point electronic temperature re- 
corder utilizing thermocouples. The 
temperature of each unit was printed 
every 3 min on a strip chart. 

The evaluation of the effect of hu- 
midity on coliform development was 
made by incubating at various con- 
trolled relative humidities ranging from 
13 per cent (which was an average 
value found in a standard 35°C incu- 
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bator) to near saturation. The de- 
sired level of humidity less than satura- 
tion was obtained by exposing a definite 
surface area of water per unit volume 
of sealed incubator space to evapora- 
tion (see Fig. 1). The MF mem- 
branes were placed in the bottom sec- 
tion of a pyrex petri dish, covered with 
a top section, and inverted for incuba- 
tion. 

A saturated atmosphere for incuba- 
tion of control samples was obtained 


100 


80 


60 


40 


Relative Humidity — percentage saturation 


Exposed Water Surface — sq in. 


Fig. 1. Relationship Betweea Relative 
Humidity and Exposed Water Surface 


- Desired level of humidity (less than satu- 
ration) was obtained by exposing a defi- 
nite surface area of water per cubic foot 
of incubator space to evaporation. The 
constant temperature was 35°C, air cir- 
culation by thermal convection current. 


both by placing an inverted petri dish 
bottom 1 in. above a free water surface 
(water bath) and by sealing a top and 
bottom section of petri dish together 
with a 14-in. section of 1}-in. diameter 
Gooch tubing. 
_ Visual comparisons were made of 


sheen development, inhibitory effects, 
colony spreading, and coliform-organ- 
- ism counts on the four test media. The 
filter counts were analyzed by statisti- 
Z cal correlation and analysis of variance. 
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Discussion of Results 


Comparison of various media at 
35°C. The best sheen was exhibited 
by the DSN preparation and the poor- 
est by the H-D broth. The single- 
and two-step Endo broths almost al- 
ways produced a good sheen. The 
high quality sheen observed on the 
DSN was probably the result of the 
dark, almost black, background dis- 
played by the filter following incuba- 
tion. To substantiate this theory, sev- 
eral black filters were used with the 
two-step application. The effect was 
the same as with the DSN. The black 
background absorbed the light, whereas 
the coliform-organism colonies reflected 
the light, thereby making the sheen 


TABLE 1 


Coliform-Organism Counts for Various 
Media at 35°C 


Medium 


rie 
Two-step Endo 
H-D modified Endo 
Single-step Endo 
DSN Endo 


Coliform 
Organisms 
per 100 ml 


172.8 
126.9 
113.6 
113.2 


more pronounced. The black filters 
performed as well as the white with 
respect to the coliform-organism count. 
Black MF membranes of the type used 
are somewhat higher in cost and are 
not susceptible to standard sterilization 
procedures, therefore only a few were 
employed in the investigation. 

The inhibitory effect of the DSN 
was excellent. Very few colonies were 
found growing on the DSN that did 
not possess the characteristic sheen of 
coliform organisms. A few colonies 
of noncoliform organisms grew with 
no apparent restriction on the two-step 
and H-D nutrient media. The single 
step Endo broth gave from fair to good 
inhibition. 
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results. The count on the two-step = 
and H-D applications declined steadily =| 
at drop rates greater than 1°F per — 
hour. The DSN was the only medium 
that supported at least limited growth 
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In a few instances, colony confluence 
made counting difficult. The spread- 
ing was caused principally by the un- 
curbed growth of noncoliform colonies 
along the grid lines of the filter. The 


two-step and H-D applications dis- of coliform organisms over all of the 
played the most spreading, with the tested ranges of drop. mn, bite — bt 
single-step Endo evidencing a lesser 
degree. At no time did the DSN ap- TABLE 2 ihemer? or 
plication exhibit spreading. for Various Media 
T t , ) 
To evaluate the media more fully, of 
a comparison was made of the coli- 
form-organism counts. The overall | 32° ue | arc 
average counts of 396 determinations 
for the four media are listed in Table 1. DSN Endo Two-Step Endo 
The two-step application recom- 
mended in Standard Methods gave the 63 81 114 187 
highest counts and was used as the 133 169 189 225 
basis for a correlation comparison 74 110 113 
27 47 79 88 
among the remaining media. The cor- 9 15 31 
relation coefficients were all within the 10 | 13 28 32 
range of 0.8-0.9, indicating a high de- = =——73 48 104 100 
gree of correlation. 20 26 42 40 : 
Comparison of media at dropping 
temperatures. The effects of dropping 4 4 41 52 
incubation temperatures on the various 6 11 7 17 


media are shown in Fig. 2. The ratios 
of the dropping temperature counts to 
the constant 35°C counts were com- 


Single-Step Endo H-D Modified Endo 


| 

puted to illustrate the effects of the 167. | =.233 170 227 
drop rate. An average ratio for each ys ps 
drop range was calculated to show the > a 33 29 
performance of each medium for that 29 | 40 13 38 
particular range. It was found thata  — 21 28 10 25 
drop rate of less than 1°F per hour 54 80 i 88 

» 4 29 53 30 44 
produced counts which were equal to —¢ 93 40 67 
or greater than those obtained by 34 49 el 61 
standard 35°C incubation. At a drop 9 9 5 7 
rate greater than 2°F per hour, how- 8 9 10 12 


ever, very few colonies of coliform 
organisms developed. 

The DSN and single-step Endo me- 
diums demonstrated an ability to sup- 
port the growth of coliform organisms 


over a wide range of drop rates. At 


rates below 2°F per hour, the DSN 
and single-step Endo gave excellent 


* Number of coliform organisms per 100 ml of sample. 


An evaluation of the characteristics 
of the coliform organisms under con- 
ditions of dropping incubation tem- 
perature was made, using standard 
35°C as a basis. Somewhat smaller 
colonies were produced at dropping 
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Data for four media are shown: X 


1186 


temperatures. This was an advan- 
tage, as confluence was greatly reduced. 
With the exception of the H-D broth, 
there was no apparent difference in 
sheen. The sheen was improved on 
the H-D medium. 

Standard 35°C incubation compared 
with 32°C incubation. A _ study of 
the results obtained by the drop- 
ping incubation temperatures indicated 
that a lower incubation temperature 
would produce higher coliform-organ- 
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the greatest coliform-organism count 
will occur. 

Effect of various levels of humidity 
on coliform development. By compar- 
ing the results of 281 coliform-organ- 
ism determinations at various levels of 
constant relative humidity, it was de- 
termined that no significant difference 
in counts occurred at any humidity 
level above 35 per cent saturation. 
Data from a limited number of deter- 
minations at 35 per cent relative hu- 
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1.00-1.49 


0 
0,50-0.99 


woes 


i} ism counts than would be obtained at 
35°C. For the purpose of this inves- 
tigation, 32°C was arbitrarily chosen 
as the test temperature. 
The results, as shown in Table 2, 
indicate that for the samples tested, 


32°C yielded higher coliform-organism 


counts. This explains the ratios 
greater than 1.00 found when using 
dropping temperatures of incubation. 
Further studies are necessary to deter- 


2.00-3.50 


Range of Temperature Drop —°F/hr 


Fig. 2. Effect of Dropping Temperature on Coliform-Organism Counts 


indicates DSN ; O, two step; ®, single step; and 
@, Hajna-Damon. 


midity and saturated atmosphere ar 
listed in Table 3. Humidity effect 
were constant irrespective of the typ 
of medium used. 

An investigation of the effect of ver 
low relative humidity indicated tha 
colony development is unpredictabl 
Complete dehydration of the membran 
and pad assembly occurred frequentl 
at humidity levels below 35 per cent 
these levels, therefore, were regarde 
as unsatisfactory for incubation of coli 


ids, 
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form organisms on MF membranes. 
When heavy growth was present, the 
membranes at 35 per cent relative hu- 
midity exhibited less confluence of col- 
onies, but there was no apparent dif- 
ference in sheen development at 35 or 
100 per cent. 

Comparison of methods for regulat- 
ing humidity. Because of the size of 
the hygrometer, it was impossible to 
measure accurately the relative humid- 
ity in the water bath and sealed petri 
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malfunction was noted in using the 
Gooch rubber tubing sections at 0°C. 
It is possible to maintain a definite 
level of humidity by exposing a free 
water surface of a definite area for a 
unit volume of incubator space (see 
Fig. 1). The desired level was at- 
tained about 12 hr after inserting the 
water container. The normal humidity 
noted in an unsealed 35°C incubator 
was 10-15 per cent when the toom 
humidity was 35-50 per cent. 


TABLE 3 
Coliform-Organism Counts on Various Media at 35 Per Cent Relative Humidity 
and Saturated Atmosphere * 


Two-Step Endo Single-Step Endo 


H-D Modified Endo DSN Endo 


Water 
Open Bath Sealed | Open 


Water 


Bath Sealed 


Open 


59 2} — 35 
110 | 98 | 106 | 97 
97 65 | 60 | 72 
55 | 50 | 45 | 32 | 48 
35 | 25 21 16 9 
90 | 71 23 15 | 12 
255 | 239 | 263 | 206 | 251 
213 | 232 | 133 | 145 | 142 
230 | 244 | 163 | 134 | 130} 


26 36 
106 105 
69 69 
50 30 
20 19 
12 22 
192 166 
102 122 
144 101 


* Number of coliform organisms per 100 ml of sample. 


dishes. From observation of the con- 
densate, it appeared that incubation 
1 in. above a water surface most nearly 
approximated 100 per cent relative 
humidity. Plastic disposable petri 
dishes were unsatisfactory as a means 
of incubating in a vacuum bottle be- 
cause leakage was noted in several 
dishes when tested under a head of 
6 in. of water. Plastic film and Gooch 
rubber tubing were satisfactory. It is 
probable that some difficulty may be 
encountered in the use of plastic film 
at low temperatures because if applied 
cold it may expand and lose adhesion 
when placed 35°C incubator. No 


Summary and Conclusions 


As the result of the investigations 
described, it is believed that the MF 
membrane procedure might be modified 
to include the following findings: 

1. The DSN exhibits the best sheen 
and inhibitory effects, but the two-step 
application gives the highest coliform 
counts. 

2. A dark background facilitates 
counting. The dark background ab- 
sorbs light, whereas the coliform col- 
onies reflect light, thus giving a more 
pronounced sheen. 

3. Thermos incubation is adequate, 
autions are taken. 


— 

— 

— 

j 

= 

Water 

Bath | Scaled | 

ars 

252 27 76 111 

217 44] 133 | 155 


The apes rature within the thermos 
should not be allowed to drop more 
| than 1°F per hour. 

4. Gooch rubber tubing sections pro- 
vide the most satisfactory seal on petri 
dishes for incubation in a thermos jug. 

5. For the test sample, 32°C gave 
7 7 higher coliform counts than did the 


recommended 35°C incubation temper- 
ature. Further investigation is neces- 
sary to establish the exact temperature 
of incubation when utilizing the MF 
membrane. 

6. Coliform organisms may be suc- 
cessfully incubated on MF membranes 
at any level of relative humidity above 
35 per cent. 

7. The desired level of humidity may 
be obtained by subjecting a given sur- 
= face area of water to evaporation with 
= convection air circulation within a 
sealed incubator. 
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HE molecular filter (MF) mem- 
brane procedure for the bacterio- 

gic examination of water, as de- 
scribed in the tenth edition of Stand- 
ard Methods (1), offers both reduced 
incubation time and simplified manipu- 
lation as its most significant advantages 
over the long established dilution tech- 
niques employing broths. In addition, 
it permits the direct count of discrete 
colonies rather than a statistical indica- 
tion of the so-called ‘most probable 
number” (MPN) of coliform bacteria, 
and allows the sample volume to be 
varied almost without limit to suit 
conditions, without consumption of an 
extra amount of medium. Differenti- 
ation and enumeration of important 
groups of organisms are often possible 
directly, without requiring initial en- 
richment or other preliminaries. Ap- 
paratus and techniques are available 
for various types of usage in the field. 
Details of the various MF membrane 
procedures will not be discussed, as 
they have been adequately covered by 
the developers (2) and other investi- 
gators. Further studies (3) have es- 
tablished the utility of the MF mem- 
brane and its practical, qualitative 
working equivalence to the broth 
methods (4). 


Use of Molecular Filter Membranes for | 
-~ Water Plant Control Tests and Clear- 
ance of New Pipelines he; 


A. Adler Hirsch 


A contribution to the Journal by A. Adler Hirsch, Water Purif. Supt., 
Dept. of Water & Sewerage, Shreveport, La. 


Disadvantages of the MF membrane 
are relatively minor, though still real. 
Highly turbid samples cannot gener- 
ally be tested. Only a single sample 
can be processed through a filter as- 
sembly at a time, thereby requiring a 
somewhat longer period to plant a set 
of samples than is needed with lactose 
broths and BGB. The filter cylinder 
and porous plate support must be 
sterilized between each sample. Initial 
cost of the filter apparatus exceeds 
that of the glassware needed for broth 
tests. Membranes and impregnated 
pads are decidedly more expensive 
than the equivalent amounts of broths. 
Following the Standard Methods broth 
procedure, the author found that ‘the 
maximum cost per standard sample 
for the full test was 7.8 cents*++2.8 
cents for five 30-ml tubes of’ lactose 
broth at $1.25 per pound and 5''cents 
for five 20-ml tubes of BGB at $5.50 
per pound. (The cost of the lactose 
broth was taken for completely nega- — 
tive tests.) In comparison with these 
costs, the cost of MF membrane and 
dehydrated-nutrient pad per standard 
sample was found to be 64 cents. 
Thus, the MF membrane procedure is 
23 times as costly as the lactose broth 
application alone, and 8 times as costly 
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as the full lactose-BGB test; that is to 
say, the MF membrane procedure is 
8-23 times as costly as standard broth 
procedures, depending upon the purity 
of the water examined, As the MF 
procedure becomes popular, however, 
the quantity production of membranes 


Water Plant Control Tests 


The choice: between retention of 
standard broth techniques or adoption 
of the MF membrane procedure, in 
addition to the preceding factors, also 
depends upon the habitual characteris- 
tics of the water. This is well illus- 
trated by the following data on the 
bacterial quality of Shreveport, La., 
lake water, as determined with stand- 
ard lactose and BGB tests over the 
3-year period 1953-55. Tests of raw 
water from Cross Lake showed the 
following results: of 10-ml portions, 
97.8 per cent were positive presump- 
tive, 96.8 per cent positive confirmed ; 
of 1-ml portions, 73.7 per cent were 
positive presumptive, 71.0 per cent 
positive confirmed ; of 0.1-ml portions, 
26.0 per cent were positive presump- 
tive, 22.8 per cent positive confirmed. 
(Raw lake water is almost always 
positive in 10-ml portions; hence the 
results are fairly well known in ad- 
vance.) The MPN counts for this 
_ water were as follows: average, 305; 
maximum, 1,100; minimum, 0.9. The 
lake water flows through a 3-mile 
transmission main to the McNeil 
Street plant after being treated by free 
residual chlorination, resulting in a 
raw water which fulfills USPHS 
_ standards for drinking water. Of this 
water, 2.5 per cent of 10-ml portions 
_ were positive presumptive, 0.6 per cent 
- positive confirmed. Samples of labo- 
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ratory tap water from this source were 
also tested: 0.3 per cent of 10-ml por- 
tions were positive presumptive, no 
portions confirmed. On waters of such 
uniform characteristics, the accelerated 
results offered by the MF membrane 
procedure have no added value for 
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will undoubtedly reduce their cost. | —' most routine purposes. 
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As for monitoring during periods of 
suspected biological sabotage or even 
gross contamination from _ sanitary 
breakdowns, there would probably be 
little difference between the number of 
persons contaminated before results 
were available from the MF membrane 
procedure and the number contami- 
nated while awaiting the findings of 
standard broth techniques, as it seems 
likely that within either period of time 
almost the entire population served 
would have consumed the water. 
Only if the water under suspicion were 
withheld from use while being tested 
would the MF membrane prove itself 
superior by providing an earlier basis 
for decision regarding bacteriologic 
safety. Basic study of a more rapid 
monitoring method employing broth 
prepared from lactose labeled with the 
radioactive isotope C'* has been de- 
scribed (5). 


Samples From New Pipelines 


For most profitable utilization of the 
advantages unique to MF membrane 
bacteriology, the samples should be of 
unpredictable quality and the need 
for speedy judgment somewhat acute 
Water samples taken on final inspe 
tion of new pipelines fit this category 
well. There is always a rush for tying 
in new services, regardless of how 
much ahead of or behind schedule a 
main-laying project is nearing comple 
tion. If a sample is taken in the afte 
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noon and tested by the MF membrane 
method, results can be available for 
decision the next morning, contrasted 
to the 48-96-hr wait with lactose 
broth or BGB. The slight extra cost 
for the filter test is invariably insignifi- 
cant in comparison with other eco- 
nomic factors and public relations 
values. 

Characteristics of standard broth 
tests of 25 water samples from new 
pipelines laid in the Shreveport sys- 
tem in the period May 1955—January 
1956 were studied by comparing the 
distribution of positive and negative 
10-ml portions in particular samples. 
Each sample contained five 10-ml por- 
tions. Results are as follows: 

1. Lactose broth test. In 9 samples, 
5 portions were positive presumptive ; 
in 3 samples, less than 5 portions were 
positive presumptive; and in 13 sam- 


ples, all portions were negative 
presumptive. 
2. BGB test. Of the 9 samples with 


5 positive presumptive portions, 8 were 
positively confirmed, 1 negatively con- 
firmed ; of the 3 samples with less than 
5 positive presumptive portions, 1 was 
positively confirmed, 2 were negatively 
confirmed; and of the 13 samples in 
which all portions were negative pre- 
sumptive, 1 was positively confirmed, 
12 were negatively confirmed. 

It is observed that samples generally 
are either decidedly contaminated or 
altogether uncontaminated, the data 
showing 80 per cent of all samples 
with either all five presumptive por- 
tions positive or all negative. 

These samples were also tested in 
parallel using the MF membrane incu- 
bated with moistened Endo and EMB 
pads. (The latter medium was gen- 
erally more satisfactory, as it distin- 
guished between Aer. aerogenes and 
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Esch, coli.) In a few preliminary 
tests, an inoculum of 10 ml, similar to 
a standard portion, was used; and later 
a 25-ml portion was used; but most 
tests used 50 ml of filtrate in three 
separate portions of 7, 14, and 29 ml 
each, 

Comparison tests were made with 
both standard broths and MF mem- 
branes (with EMB) on new pipelines. 
Both 24- and 48-hr determinations 
were made with the standard broths. 
The MF membrane tests were made in 
18-30-hr periods. Of 25 samples 
tested, in only one case were the re- 
sults not in agreement: a sample that 
had tested positive in both the 48-hr 
presumptive and 48-hr confirmatory 
tests tested negative by the MF mem- 
brane determination. These data 
would seem to indicate that in more 
than 95 per cent of cases both methods 
give equivalent results on which to 
base acceptance or rejection of a new 
pipeline for service to consumers. 
Economy of time in every instance 
favored the MF membrane procedure. 

In future tests of the MF membrane 
a full 100-ml sample will be used. The 
presence of two or more colonies of 
coliform organisms will cause rejection 
of the pipeline. A single colony will 
not bar acceptance, as this is within 
the USPHS standards limit. If the 
pad is crowded, the quantitative aspect 
of the count is of no importance for 
this particular purpose. The filter cyl- 
inder is ringed to mark off this volume 
without need for other measurement. 
If an accurate count is desired, the 
sample can be split into a “geometric” 
series, such as 33- and 67-ml portions, 
14-, 28- and 58-ml portions, and so 
forth, so that at least one pad will be 
countable. 
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In summary, the use of MF mem- of Water. Jour, AWWA, 43:943 
brane bacteriology has been highly ac- (Dec. 1951). * 

3. CLARK, Harotp F., et at. The Mem- 

curate and time-saving in clearance brane Filter in Sanitary Bacteriology. 

testing of new pipelines. Public Health Repts., 66:951 (1951). 
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A discussion by Fred W. 


Decker, 
Oregon State College, Corvallis, Ore., 


Discussion—Evaluation of Weather 
Modification Experiments 


Fred W. Decker 


Asst. Prof., School of Science, 
of the paper, ‘Evaluation of 


Weather Modification Experiments’ presented by Frederic A. Berry 


at the Diamond Jubilee Conference, 
er. August 1956 Journal, Vol. 48, p. 973. 


HE article “Evaluation of Weather 
Modification Experiments” by 
Frederic A. Berry (1), makes a wel- 
come contribution to clarification of the 
heated controversy which has raged 
over the question of the effectiveness 
of cloud seeding (or “rainmaking” as 
it is popularly known). Despite all 
the claims of success by commercial 
operators selling rain-increase and 
hail-suppression services, the “practi- 
cal difficulties” listed by Berry have 
rendered the effectiveness of such 
measures debatable. Berry’s listing of 
these difficulties should be reviewed by 
all readers. His candid description 
of the uncertainties involved should go 
far toward returning weather modifi- 
cation to the realm of engineering de- 
velopment from which it was taken by 
overzealous commercialization. 
Unfortunately, Berry did not dis- 
cuss the reasons for some perplexing 
uncertainties which will continue to 
plague this field of development unless 
sound engineering practices are intro- 
duced. Most of the uncertainties in 
evaluating weather modification efforts 
arise from the lack of good experi- 
mental design. Engineers would ordi- 
narily be aghast at being asked to ar- 
rive at such far-reaching conclusions 
as are involved in weather modifica- 
tion evaluation on the basis of the 


St. Louis, Mo., and published in 


conducting other evaluations are usu- 
ally able to arrange suitable measure- 
ments and a system for the experiment 
before commencing experimental op- 
erations. Such has not been the case 
in weather modification. In fact, at 
the Tucson conference on the scientific 
basis of weather modification evalu- 
ation, one point on which the dis- 
putants could apparently agree, even 
though they disagreed on many others, 


was that the data available for weather — 


modification evaluation were decidedly 
unsatisfactory. H. C. S. Thom, 


statistician of the President’s Advisory | 


Committee on Weather Control, was 
reported (2) as saying, “We had to 


resort to commercial cloud-seeding 
operations because few experiments — 
were being conducted. These weren’t 


scientific experiments and so we 
worked under a terrific handicap.” 
Confronted by such a situation, statis- 
ticians can perhaps more readily deter- 
mine whether support of a process like 
rainmaking is an acceptable business 
risk than whether it is a scientific fact 
that cloud seeding really worked. 
This reduces the whole question to a 
matter of business speculation, rather 
than scientific proof. 


Need for More Data 


The great uncertainties in weather 


meager evidence available. 


Engineers 
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most places too coarse to sample the 


"meager data available and the historical 
nonuniform precipitation pattern in 
storms having precipitating cells only 


- comparisons used. The official clima- 
&b 2 miles in diameter, even within gen- 


__ tological network of rain gages is in 
: pee cloud layers. More rain gage sta- 


tions are needed. Many AWWA 
members, incidentally, should be in a 
position to do something about this for 


the future. In one Far West project 
there is only one rain gage per 450 
sq miles, which is woefully inadequate 
for evaluation of the unstable rain 
. showers often treated by weather modi- 
ee fiers, as shown by the Ohio studies of 
some years ago (3). 

> 3 If more rain gages are installed, 
however, the new gage records cannot 
be used to evaluate seeded storms with- 
out new gage records from unseeded 
storms as well. Historical compari- 
sons, which cannot use new gage rec- 
ords, constitute the second serious 
cause of uncertainties in weather modi- 
fication evaluation. 

Tree ring studies and the “dry cy- 
cles” and “wet cycles” of recent history 
show that the weather is seldom “nor- 
mal.” Fluctuations appear not only in 
the records from an individual station 
ta but also in the ratio of target to con- 
trol area precipitation. Similarly, the 
relationship between precipitation, as 
_ determined by the rain gage, and the 
_weather variables of moisture, tem- 
“perature, and air flow for a group of 
_ Stations will also vary from year to 
year. When an equation is determined 
_ from historical storms in order to cal- 
culate the “natural” amount of target 

precipitation for a given storm, there 

is no guarantee that it is valid for the 
particular storm in question. If the 
actual rainfall is more or less than the 


DECKER _ é Jour. AWWA 
computed amount, it must be recog- 
nized that natural variation could have 


caused the difference. = 


Statistical Technique 


In Berry’s examples a “statistically 
significant” amount of precipitation is 
one which exceeds 90 per cent of the 
plotted cases in history. Hence, if the 
probability is only 10 per cent or less 
that the yield from a given storm would 
be exceeded in the target area, the 
storm will be accepted as having been 
increased by cloud seeding. Such a 
level of acceptance has its hazards, 
however. Concerning a standard of 
acceptance similar to this, the Cali- 
fornia State Water Resources Board 
observed (4) that “even if the true 
effect is sizably negative there is a 
good chance of announcing a positive 
result.” Nevertheless, establishing too 
stringent an acceptance standard will 
increase the risk of ignoring a genuine 
effect. 

The use of different standards of 
rarity required for “statistical signifi 
cance” contributed to the apparently 
contradictory conclusions announced 
by two different groups evaluating th 
same cloud-seeding project (5-7) 
To label a result as “statistically sig 
nificant” is not sufficient unless the 
level of acceptance is also stated. 

In Berry’s examples apparently onl) 
positive effects were considered, anc 
the possibility of “significant” negative 
departures was ignored. This might 
not be a safe omission, for the possi 
bility of significantly decreasing pre 
cipitation by cloud seeding require: 
more definitive investigation. 

A different type of weather modifi 
cation evaluation not mentioned in 
Berry’s paper, which deals mainly with 
statistical analyses of overall effects 


= 
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would involve a more detailed meas- 
urement of the existing cloud and air 
nass moisture, the actual vertical mix- 
ng rate of the seeding agent, and the 
‘oncentration and threshold activity 
temperature of the seeding agent after 
t has finally reached various levels in 
he cloud. From data such as these it 
would be possible to compute the 
umount of precipitation which should 
all if seeding were perfectly effective. 
Before groups or individuals embark 
pon expensive programs of cloud 
seeding, it might be wise to compute 
inalytically the maximum effect which 
‘an be expected with perfectly effective 
cloud seeding and then to relate it to 
the cost. Some meteorologists suggest 
that perhaps the required conditions 
avorable for even the modest increases 
now being suggested would occur so 
arely that cloud seeding may not be 
conoinically sound, even if it should 
‘ventually be proved to produce genu- 
ne results. 


Controlled Experimentation 


Some critics at the Tucson meeting 
ondemned in the most severe terms 
the kind of historical comparisons de- 
scribed in Berry’s paper. Perhaps the 
ontroversy has its roots in the impli- 
cation that such comparisons, linked 
with the definition of statistical signifi- 
cance as the amount which exceeds 90 
per cent of the cases in history, can 
produce “scientific proof” that cloud 
seeding succeeded. The historical ob- 
servations, however, were not origi- 
nally produced for the purpose to 
which the evaluators are putting them, 
the gages are too far apart, and climatic 
cycles do occur. Everyone, therefore, 
should be able to agree that statistical 
analysis of such data may help to de- 
cide about further support for cloud 


seeding as a speculation but cannot 
readily provide proof that seeding — 
really was effective. Instead, statisti- : 
cal considerations should enter into the - 
planning of experiments which will 
produce more convincing data. These 
experiments can contribute new knowl- 
edge and can lead toward improvement 
of weather modification. Whether cer- 
tain past commercial weather modifica- 
tion projects have been slightly suc- 
cessful is really beside the point. — 
Water users of the West may not be 
satisfied to invest funds in gross opera-— 
tions lacking experimental design if 
the results are at best simply gam- | 
bling odds, especially when it would 
have been possible at comparable cost 
to obtain conclusive engineering 
experiments. hi; 

Laboratory experiments in the cold © 
box certainly call for further engi- 
neering research to determine the 
greatest effect that can be obtained 
from cloud seeding, and the cost 
thereof. The alchemist might have 
been satisfied with apparent results 
without knowing how they came about, 
but the modern engineer wants to 
know exactly what the results are and 
how they can be obtained most 
efficiently. 
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In the July 1956 Journal of the 
American Dental Association, on p. 38, 
an article by W. O. Young and W. J. 
Pelton entitled “Planning a Dental 
_ Prepayment Program for Children in 
an Area of Low Caries Prevalence” 
~ compares dental care costs for children 
in the towns of Nampa and Coeur 
d'Alene, Idaho. The natural fluoride 

- content of the Nampa water supply 
was 1.5 ppm; the Coeur d’Alene sup- 
ply was free of fluorides. In 1951, 
detailed dental examinations were 
made of 850  continuous-resident 
school children in the first seven 
grades of these communities. Nampa 
children averaged only 0.35 DMF 
(decayed, missing, filled) teeth at age 


at age 13. Coeur d’Alene children, 
however, averaged almost two DMF 
teeth at age 7, almost ten at age 13. 
By means of average local dental 
rate schedules, the cost of total dental 
care (for permanent and posterior de- 
ciduous teeth) was estimated for the 
children examined (see Table). 

The table indicates that the average 
cost of total dental care per child in 
Nampa for the 8-year pe riod between 
ages six and thirteen is $284.83 less 
than that for a child in Coeur d’Alene. 
As not all of the children in either 
community received total dental care, 
it is interesting to note that the treat- 
ment actually received cost on the 
average of $50.07 per child (for the 
8-year period) in Nampa, and $180.09 
per child in Coeur d’Alene. Although 
the money actually = for dental 
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care is lower than the cost of total 
dental care, the relationship between 
the two sets of figures is surprisingly 
close, being 1:3.95 for total care and 
1:3.62 for actual care. 


Cost of Total Dental Care 7 

Difference 

“ge in Costs 

Nampa Alene 

6 $ 9.49 | $ 28.58 | $ 19.09 
7 11.599 | 37.81 26.22 
8 15.75 50.14 34.39 
9 15.10 52.61 37.51 
10 16.17. | 50.27 34.10 
11 8.94 | 51.09 42.15 
12 20.25.) 4729 36.94 
13 11.11 | 65.54 54.43 
Total I | $98.40 | $383.23 | $284.83 


The authors in part conclude: 


The analysis of data derived from 
dental examinations . . . indicates that 
considerable reductions in treatment costs 
and therefore a corresponding decrease 
in premium rates may be expected in a 


community such as Nampa, where the 
drinking water contains an optimum 


amount of fluorides. A proposal has 
been outlined for a prepayment program 
in a fluoride community, and it is esti- 
mated that complete operative care for 
elementary-school children could be pur- 
chased for as little as $15 a year. 


The authors also estimate that, to 
purchase prepayment dental health 
care for a child in Coeur d’Alene, the 
premiums would approach $40 a year 
—an amount which might deter par- 
ents from following such a program. 
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Joints for Steel Water Pipe 


Walter H. Cates 


A contribution to the Journal by Walter H. Cates, Mgr., Hydraulics 
Div., Consolidated Western Steel Div., United States Steel Corp., 


Los Angeles, Calif. 


RECENT inquiry received by 

the Association from the US 
Army Corps of Engineers raised cer- 
tain questions regarding the applica- 
tion of lining and interior coating mate- 
rials to field joints of steel water pipe 
with diameters of 12-24 in. Some an- 
swers to these questions will be sum- 
marized in this article. 


Types of Field Joints 


Figure 1 shows a “welded slip” 
joint, as used by the Los Angeles De- 
partment of Water and Power for pipe 
of 2l-in. diameter or greater. This 
type of joint is used widely in the 
West because of its simplicity, flexi- 
bility, watertightness, and _ strength. 
After the joint has been welded, the 
inside can be lined with coal-tar enamel 
or cement-mortar from within the 
pipe. For pipe sizes of 21-in. diameter 
and smaller, therefore, use of the 
welded slip joint will cause difficulties 
in lining. One method of lining pipes 


Fillet Weld 


Fig. 1. Welded Slip Joint 


For single-welded joints, the length of 
lap, L, is 14 in. For double-welded 
joints, L. should be 5 times the plate 
thickness, T, or a minimum of 1} in. 
Inside diameter, d, of bell should be 
yy—py in. greater than the OD of plain 


of smaller size with coal-tar enamel 
or cement-mortar after completion of 
the welding is to brush on the lining 
through a 4-in. coupling which has 
been shop welded to the pipe close to 
each field joint. After the lining has 
been completed, the coupling is closed 
by a screwed plug. 

Figure 2 shows a “reinforced ex- 
panded bell’ field joint, as used at Los 
Angeles for all pipe of 12-in. diameter 
or greater. This joint is cement calked 
in the same manner as a cast-iron pipe 
bell-and-spigot joint. It can be used 
for working pressures up to 200 psi. 
The advantages of this joint are its 
simplicity and low cost of laying in the 
field, and the fact that the inside lining 
remains intact and unaffected by the 
laying operations. 

Figure 3 shows a “bell-and-spigot 
for rubber gasket seal” joint, which is 
designed to give a very flexible, water- 
tight, and low-cost field joint without 
any field welding or damage to the in- 
side lining. It will permit deflections 
in alignment up to at least a 4-deg 
angle and longitudinal slippage of at 


Reinforcing Bar 2 in. 
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Fig. 2. Reinforced Expanded Bell 


T is the plate thickness. Angle A should 
be 45 deg and distance x not greater than 


in. 
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Fig. 3. Bell-and-Spigot for Rubber Gasket 
Seal Joint 


T ts the plate thickness. The rubber seal 
indicated is an O ring, or continuous- 
ring gasket, as specified in AWWA C300. 


least 1 in. without any signs of leak- 
age. The shoulder on the spigot end 
acts as a stop for proper joint insertion 
and self-centering. The greater the 
water pressure, the tighter the joint 
will become, and, because the O ring 
rubber gasket (1) is confined by metal 
on three sides only, the gasket is able 
to adjust itself to changing conditions 
or variations that may occur in the 
joint. The fourth side of the gasket 
is confined by water. 

Figure 4 shows another type of 
rubber gasket joint used on the West 
Coast. This joint is easy to install 
without calking, bolting, or welding. 
The inside lining will not be affected 
by the laying operations and any type 
of lining can be applied in the shop. 

Figure 5 shows a mechanical cou- 
pling used extensively throughout the 
United States for effective connection 
of plain-end steel pipe sections without 
damage to the inside lining of the 
joint. This type of coupling provides 


5 in 


NSS 
Rubber Gasket 
Fig. 4. Rubber Gasket Joint 


The rubber gasket shown is an O-ring 


or continuous-ring gasket, as specified ae 


AWWA C300. 
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ease of installation, watertightness, and | 
flexibility. " 


Inspection of Joint Interiors 


For pipe larger than 21 in. in diame- 
ter, inspection can be made readily by 
entrance into the pipe. For pipe of 
smaller size, inspection can be accom- 
plished by observation through a 4-in. 
coupling attached to the pipe adjacent 
to the joint, as mentioned above. A 
new and unique method of photograph- 
ing casing or pipe interiors has been 


2 
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Fig. 5. Mechanical Coupling at 


This joint is used for connecting plain- 
end steel pipe sections. 


developed by Claude Laval Jr., of 
Fresno, Calif. (2). Pictures can be 
taken inside pipe as small as 6 in. 
in diameter. Through a pipe length 
run of about 2,500 ft, 350 pictures 
can be taken with a single camera 
loading. 
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WaterMeans 
Good Public Relations 


The severest critic of the palatability of a water supply can t 
the casual visitor—tourist or salesman, because he can compar 
your supply with that of other communities. Ill-tasting wate 
can also influence industries against settling in your tow! 
Every water works official should strive to satisfy the severe: 
critic, thereby, pleasing the local consumers as well. Adequat 
usage of Nuchar activated carbon will assure delivery of 
palatable water at all times, so that when your local consumer 
go travelling, they will return with that wonderful feeling- 
“There’s no place like home.” 


AQUA NUCHAR ACTIVATED CARBON’S adsorptiv 
ability covers a wide range of taste- and odor-producing bodie 
John R. Baylis has stated “All tastes and odors likely to b 
present in a water supply can be removed with activated carbor 
We find a few statements in the literature on water treatmer 
that the taste or odor was not removed by the addition of car 
bon, but almost _invariably the reason was that not enoug 


GOOD CARBON: GOOD WATER:GOOD WILL 
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230 Park Ave. New York 17 CMEMICAL SALES 35 E Wacker Drive, Chicago 
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FOR BETTER RESULTS 
WITH LESS TROUBLE 


OME 


INSTEAD OF TWO 


2 
12" or 2” Style 3 Meter bila’: 
performance of complicated compound... 
with less cost and fuss 


For 1%” and 2” water service lines, the Trident Style 3 meter is 
simpler, costs less to buy and maintain, is every bit as accurate, 
and produces just as much revenue over a wide range of flows 
as any compound, including our own. Trident was first to give 
you an easy-to-set pressure adjustment. And since modern Style 
3 parts fit older meters, there's never any obsolescence. 

So why put up with the fuss and expense of two measuring 
units when one Style 3 will do the job? You'll find conclusive 
evidence in your own records . . . or ask your Neptune man. 


NEPTUNE METER COMPANY 
19 West 50th Street * New York 20, N. Y. 


a NEPTUNE METERS, LTD. 
1430 Lakeshore Road Toronto 14, Ontario 


Branch Offices in Principal 
American and Canadian Cities. 
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The Federal Pollution Control Act 


has been amended to broaden and 
strengthen its provisions with regard 
to research, state program grants, and 
federal enforcement on _ interstate 
streams. The law as amended also 
authorizes the surgeon general to make 
grants to municipalities for sewage 
works design and construction. The 
AWWA Board of Directors, in a reso- 
lution on May 11, had expressed strong 
support for the bill in general but had 
opposed the sewage works grants-in- 
aid feature, on the grounds that: 


The financial condition of our cities is 
such as to make the sale of bonds to build 
sewage works feasible. The possibility 
of grants-in-aid for sewage works con- 
struction will not only cause delay in 
construction of such works but may, by 
creating hopes for similar grants for wa- 
ter works, needlessly delay water works 
construction fully feasible under normal 
conditions of financing. 


In signing the bill, President Eisen- 
hower pointed out that the grants pro- 
vision went beyond the recommenda- 
tions of the Administration, and he 
urged : 


. that no community with sufficient 
resources to construct a needed sewage 
treatment project without federal aid 
postpone that construction simply because 


ab 


ah 


of the prospect of a possible federal 
grant. It should be clearly understood 
that federal aid will not be available to 
all communities and, with respect to any 
one project, the federal funds are limited 
in amount under the provisions of the bill. 


AWWA’s research promotion 
sounds all too characteristic of just 
plain promotion when we note that it 
has been campaigning for the develop- 
ment of internal coating and, then, the 
introduction of alcohol into water sup- 
plies. But this is no hangover prepa- 
ration and prosecution. 

The internal coating interest is one 
that has now been supported by funds 
from the National Institutes of Health, 
which has approved a 2-year study of 
the building up of protective coatings 
in water distribution systems through 
water treatment, to be carried on at 
Michigan State University under the 
direction of civil engineering professor 
Robert F. McCauley. Dr. McCauley 
and his staff will have the counsel of 
an AWWA advisory committee in 
conducting the project, which is aimed 
at learning “how internal coatings can 
be uniformly laid down in a dense im- 
permeable form which provides high 
anticorrosion protection without dam- 
age to hot and cold water distribution 
systems.” The study will differ from 
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- previous work in that the emphasis 


will be on the formation and growth 


the coating scales. It is unlikely that 
Dr. McCauley will explore the effec- 
tiveness of milk coatings, at least dur- 
ing working hours. 
The alcohol in which AW WA’s pro- 
moters have become so interested is 
~ cetyl alcohol, more morally known as 
_ hexadecanol, a chemical which offers 
great promise as a means of control- 
ling evaporation in water supply res- 
-ervoirs. With AWWA, in sponsor- 
ing research on evaporation control, 
are a number of other interested par- 
_ ties, principally water utilities in Texas 
-and Oklahoma, working in cooperation 
_ with a number of government agencies, 
including the Public Health Service, 
_ Bureau of Reclamation, and Geological 
Hexadecanol has been found 


tested in that it spreads readily on 
water to form a continuous mono- 
molecular film that permits oxygen and 
other gases to pass, but provides a 

Prelimi- 


barrier against evaporation. 
nary pan tests by the Bureau of Recla- 
mation have shown reductions of as 
much as 64 per cent in evaporation. 
And this summer, the chemical was 
given a reservoir-scale test on the wa- 


ters of Oklahoma City’s 5.8-acre Kid’s 
Lake by a team of North Texas State 
College students. Part of this test was 
the determination of the toxicity of 
hexadecanol—not its intoxicity, though 


_ —that has already been proved nau- 


is the effect of various types of sup- 
plies, subjected to various types of 
treatment, upon the taste of various 
types of bourbon under various types 
of physical and mental conditions. Un- 


seatingly nil. 
Next project to be pushed, we hope, 


der the scientific aura of the National 
Institutes of Health, we, ourself, might 
be persuaded to, at least, participate. 


W. A. Kunigk has retired as super- 
intendent and chief engineer of the 
Tacoma, Wash., Water Div., a post he 
held for 39 years. Noted for his out- 
standing leadership in the development 
of the city’s water system, Mr. Kunigk 
was the first to receive the Fuller 
Award from the Pacific Northwest 
Section, which he served as chairman 
and director. He is succeeded as su- 
perintendent by J. A. Kuehl, formerly 
assistant superintendent. 


Fire Prevention Week this year— 
Oct. 7-13—will commemorate the Chi- 
cago fire on its 85th anniversary and 
the San Francisco fire on its 50th. 
Hardly a celebration, though, the com- 
memoration will be dedicated to pro- 
moting a reduction of the 1,200 home 
fires, 116 store fires, 105 factory fires, 
107 barn fires, 14 school fires, and 4 
hospital fires that occur every day. 
To this effort every water utility can 
lend a hand on more than philanthropic 
grounds, for every fire prevented is a 
lot of water saved—water that is un- 
metered, unbilled, and unwelcome in 
the aftermath (not to mention in the 
New York City subways). 

Public-servicewise and _public-rela- 
tionswise, both, Fire Prevention Week 
offers an opportunity to sell the role 
of water as a fire fighter, so you'll do 
well to pour it on beginning Oct. 7. 


Thorndike Saville, dean of New 
York University’s Engineering Col- 
lege, has been appointed New York 
State representative on the Delaware 
River Basin Advisory Committee, a 
four-state organization set up last year. 


(Continued on page 388 P&R) 
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the INFILCO 


is the Vigh- line 


for fast, efficient water treatment 


JOURNAL AWWA 


Less expense for property, lower 
construction costs, reduced cost per 
gallon of throughput—INFILCO 
high-rate equipment contributes to 
substantial savings on all these factors. 
Accelerating treatment of water and wastes 
has been the prime objective of INFILCO for 

over 60 years. As a result you will find the INFILCO 
line is the most compact, efficient—and fastest—on 

the market today. Furthermore it is the most 
complete, with equipment for every need. Place full 
responsibility on one dependable source. For greater 
volume, in less space, at less cost, investigate INFILCO. 
Write today for bulletins and complete information. 


A CLARIFICATION 
SOFTENING * STABILIZATION 
The ACCELATOR® high-rate water 
treating plant replaces in a single 
basin separate mixing, coagulation 
and sedimentation basins. Saves up 


to 80% space. 
Request Bulletin 1825-C 


Inquiries are invited on all water and waste 
treating problems, including coagulation, 
precipitation, sedimentation, filtration, flotation, 
aeration, ion exchange and biological processes. 


INFILCO INC. 
General Offices, Tucson, Arizona 


The one company 
offering equipment 
for all types of water 
and waste treatment. 


FIELD OFFICES 
THROUGHOUT THE 
UNITED STATES AND IN 
FOREIGN COUNTRIES 


S637-A 


FOR SMALL COMMUNITIES, 

INDUSTRIAL PLANTS, etc. 
The ACCELAPAK® treating plant: A 
complete single installation water 
clarifying and/or softening plant. 
Includes “AcceLaTor” unit, slurry © 
feeder, NeusoL® feeder, rate of 
flow controller, gravity or pressure 
filters. 


A 


DRY FEEDERS 
The E Feeder—the only 


FILTER CONTROLLERS 

AND GAUGES > 
The C.-A.-P. SYSTEM® instru- 
ments afford maximum efh- 
ciency in pneumatic control 
of treatment plant opera- 
tion, provide sensitive flow 
control, accurate measure- 
ment of loss of head and 


rates of flow. 
Request Bulletin 1100-C © 


feeder with linear setting 
for adjusting rate of feed 
throughout entire capac- 
ity range. Extrusion type 
imparts simultaneous 
rocking and reciprocal 
motion of feed pan; for 
either constant rate or 
automatic proportional 


feedi 
‘Bequest Bulletia 215-CC 
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(Continued from page 36 P&R) 
un—public-water-supplied—one of these, 


In its element right up to the scup- 

pers is the water works pictured below 
a floating version of the landlubberly 
facilities with which you serve your 
own community. Produced by the 

_ British firm, Marston Excelsior Ltd., 
for the Iraq government, this water- 
borne water bearer plies the Iraqian 
a: streams, purifying and pumping ashore 
2,400 gal (Imp.) per hour where it 
Pond is needed. And were it to work itself 
into the ground or were it needed 
where it could neither drift nor sail 
nor be towed nor rowed, the entire 
plant is quickiy dismantlable for easy 
overland transport. In short, with one 

of these and ambition, a young man 

_ could become a real missionary, op- 
_ erating a roving water district for the 


ambition, and some of that elemental 
scupper stuff, of course. 


San Bernardino County, Calif., an- 
nources a number of vacancies in en- 
gineering positions covered by civil 
service. Full details can be obtained 
by writing to San Bernardino County 
Dept. of Civil Service & Personnel, 
236—3rd St., San Bernardino, Calif. 


Fischer & Porter Co., Hatboro, 
Pa., has renamed its Chlorination Div. 
“Water & Waste Div.,” Robert L. 
Rice, general manager. James F. 
Haskett has been appointed assistant 
general manager and John J. Fetch, 
production manager. 


= 
LA > 
(Continued on page 40 P&R) : 


Pipe Line With Built-in Public Relations 


Dresser Couplings build good will with speed, convenience, flexibility, long life 


Water pipe installations have a thousand 
superintendents. They are the public — 
people whose homes, businesses, or daily 
routines are affected by the project. 
Many watermen have found that use of 
steel pipe and Dresser Couplings offers an 
excellent way to build and maintain public 
good will. This versatile combination helps 
remove the principal sources of public ir- 
ritation because of these important results: 
Speed. Easy-to-install Dresser Couplings 
require only two man-minutes per bolt, or 
= allow joints to be completed in record 
time. 
Convenience. Most waterworks operators 
bac kfill a Dresser-coupled line on the heels 
of the laying crew. Streets, driveways and 
sidewalks are tied up for a shorter time. 
Flexibility. Dresser Couplings compen- 
sate for slight misalignments, permit by- 


JOURNAL 


and Calgary. 


DELIVERING 
WATER CHEAPER 


This 48,980-foot water 
supply line at Spartan- 
burg, S. C., was in- 
stalled in 50-foot steel 
pipe lengths. Ease in 
making up the Dresser 
joints was the factor 
in speeding up installa- 
tion of the line, thereby 
causing a minimum of 
inconvenience to prop- 
erty owners. 


passing obstructions. You can make curves 
with straight pipe — get up to 4° deflec- 
tion at each joint of a new main or main 
extension. 

Long life. Leakproof joints eliminate an- 
noyance of redigging for repairs. Specially 
compounded rubber gaskets protect lines 
for life. 

Good will is just one great advantage of 
using steel pipe and Dresser Couplings. 
The job is also done more economically. 

Wherever water flows, steel pipes it 
best. Always put steel pipe and Dresser 
Couplings in your specificatiors. Dresser 
Manufacturing Division, 
Bradford, Pa. Sales offices 
in: New York, Philadelphia, 
Chicago, S. San Francisco, 
Houston, Denver, Toronto 
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ASEIB—American Sanitary Engi- 
neering Intersociety Board—has begun 
receiving applications for certificates of 
a special knowledge in sanitary engineer- 


AND RUNOFF Vol. 48, No.9 


intersociety board, which is sponsored 
by APHA, ASCE, AWWA, FSIWA, 
and the American Society of Engineer- 
ing Education, is located at 33 W. 39th 


ing. All certified persons will be car- St., New York 18, N.Y. 
ried on a roster to be known as the 
American Academy of Sanitary Engi- 
neering. The basic requirements are 
registration as a professional engineer, 
graduation from a college of engineer- 
ing, and at least 8 years of sanitary 

engineering experience. Education, 

_ experience, and the results of an oral 
and written examination will deter- 
- mine eligibility for certification. Ap- 
plicants with unusually high qualifica- 
tions and at least 15 years of experie nce 


Edward R. Stapley, dean emeritus, 
Oklahoma Institute of Technology, 
Oklahoma A&M, Stillwater, took office 
as president of the National Council 
of State Boards of Engineering Ex- 
aminers for 1956-57, following the or- 
ganization’s annual meeting at Los 


Angeles, Aug. 23-25. 


A 34,000-acre summer camp for 30 
boys is what the Newark, N.J., water 
department provided for 8 weeks of 
last summer on its Pequannock water- 
shed. And the boys—all juniors and 
seniors in Newark high schools se- 


1, 1957. 
All must pay an application fee of $10 
and an examination fee of $25. The 


(Continued on page 42 PER) 


Limitergue' 
VALVE CONTROLS 


From coast to coast, hundreds of LimiTorque Controls are 
in service in central stations and power plants for auto- 
matic or push-button operation of valves up to 120 inch 
diameter. Why is acceptance so widespread? Because 
LimiTorque Operators are designed to provide dependable, 
safe and sure valve actuation at all times. 


LimiTorque is self-contained and is applicable to all makes 
of valves. Any available power source may be used to 
actuate the opercotor: Electricity, water, air, oil, gas, and 
are readily adapted to Microwave Control. 


A feature of LimiTorque is the torque limit switch which 
controls the closing thrust on the valve stem and prevents 
damage to valve operating parts. 


Write for Catalog L-550 


Philadelphia Gear Works, Inc. 


ERIE AVE. and G STREET, PHILADELPHIA 34, PA. 


New YORK « CHICAGO + HOUSTON LYNCHBURG, VA. + BALTIMORE CLEVELAND 


Type SM with Worm Gear 
Drive on Butterfly Valve. 


e sure and our exhibit at Booth 
#1816, 11th Instrum »nt-Au 


national), 
September 17-21, 1 
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Newly installed Allis-Chalmers he al high-lift, 5215-gpm, 220-ft 
head pump, driven by 350-hp, 1170-rpm Allis-Chalmers motor, replaces 
old Allis-Chaimers pump-motor combination. 


bi Waukegan Increases Capacity, 
Modernizes Plant... 
fa Again Specifies Allis-Chalmers 
7 


Although pumps, motors, control and switchgear, installed in 
1928, were still giving dependable, economical service, need for 
increased capacity indicated replacement of some equipment 
5215 gpm ot 55-ft head ond driven by @ 100-hp, at the Waukegan (Ill.) Water Works. 


1170-rpm induction moter, wat; ivi 
The first step in modernizing the plant was to replace two of 


at the original 16 pumping units, one vertical and one horizontal. 
r _ This included new Allis-Chalmers pumps with increased capac- 
ity, new motors, and new control. 


You get MORE than a Pump... — 
When You Specify Allis-Chalmers 


You can take advantage of Allis-Chalmers Allis-Chalmers is the only company that 

wide experience in supplying pumps to all can offer you “One-Source” responsibility, 

industries. You are assured of modern de- with a complete unit — pump, motor and 

nae sign, heavy-duty construction and correct control — all built to work together. For 
application aid — all resulting in added MORE information, call your local A-C 

7 mii years of dependable, economical, day-after- _ office, or write Allis-Chalmers, General 
day pumping service. Products Division, Milwaukee 1, Wisconsin. 
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TRANSITE 
FILTER BOTTOMS 


Cut Your Filtration Costs 


UNIFORM FLOW 
AND BACKWASH 


Practical design assures constant 
flow and uniform backwash. With 
a backwash rate of 36” rise (50% 
sand expansion) the total loss of 
head is only 2.5 ft. of water re- 
sulting in initial savings by pur- 
chasing a lower h.p. motor for the 
pump ... and continuous savings 
in pumping costs. 


Non-corrosive filter bottoms are 
scientifically manufactured so that 
the ports cannot be blocked by 
gravel ... closed by encrustation 
. or enlarged. Strong, durable 
construction withstands many times 
the force of the severest filter run. 
About five minutes and a screw- 
driver completes field assembly and 
substantially reduces labor and 
costs. 


Write For Literature 


ILTRATION 


EQUIPMENT 


CORPORATION 


271 HOLLENBECK ST. 
ROCHESTER 21, N. Y. 
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lected on the basis of their academic 
record and interest—were provided not 
only board and room, supervised recre- 
ation, television, boating, and fishing, 
but $1 an hour for the 40 hours a week 
that they worked at clearing brush, 
pruning and trimming trees, and, in 
general, catching up with the mainte- 
nance of the watershed area, long neg- 
lected for lack of help. Approached 
as an experiment by the city and the 
board of education, the project has 
received the enthusiastic approval of 
all concerned: the boys, who netted 
$320 for the season, plus a tan that 
was the envy of the neighborhood when 
they sported it at home during week- 
ends ; the water department, which got 
“more than its money’s worth” in 
work, not to mention public relations ; 
and the community as a whole, which 
found a way to provide an interesting 
and useful outlet for the energies and 
enthusiasms of its teen-agers. Next 
year it is to be more teen-agers in 
more departments in and around New 
ark, but we’d guess that the water 
department would be a pretty general 
first choice—an advantage, by the way, 
that might be capitalized by other wa 

ter utilities. 
What price teen-agers—not only 
water workers, but as future customer 


Gerard J. Dierker has been named 
to the newly created post of executive 
vice-president of Jamaica Water Sup 
ply Co., Jamaica, N.Y. He will ca 
tinue as controller of the company. 


Sakuma Dam, the largest constrt 
tion project ever undertaken in Japz 
has gone into full operation. Locate 
on the Tenryu River about 100 mi 
from Tokyo, the $100,000,000 mult 
purpose installation can generate 351 
000 kw and store over a billion cul 
feet of water. 

(Continued on page 44 P&ER) 
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CONCRETE PRESSURE PIPE 


. IN MAJOR CITIES 


Concrete Pressure Pipe 


is universally accepted 


for city water systems 


as witnessed by its use in all major 
cities in the United States and Canada 


_ Great supporting strength, high carrying capacity and 


Re 


an long life make Concrete Pressure Pipe ideal for city water 
_ supply lines, transmission lines, and distribution mains. 


Modern manufacturing plants are located so as to 
make Concrete Pressure Pipe available in all sections of 


bee the United States and Canada. 


AMERICAN CONCRETE 
equipped to manufacture 
and furnish concrete , PRESSURE PIPE 
pressure pipe in ASSOCIATION 
accordance with 
established national 
specifications and Chicago 1, Illinois 
standards. 
WATER FOR GENERATIONS TO COME SS 
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Prometheus bounding—out of a 


bubble bath—was the picture at the 
famous Rockefeller Plaza fountain in 
New York City last July, when some- 
one who may have heard of Atlanta’s 
recent upbubblement (see July P&R 
p. 44) got the urge to deterge what 
critics have called “Leaping Looie.” 
Apparently a considerable quantity of 
detergent was poured into the fountain 
before it was turned on at 7 AM, so 
that by the time it could be shut 


tos 


Wide World Pi 


off, all of Radio City was bubbly. 
Scrubbed down, the fountain was in 
operation again by noon—with a real 
gleam in Prometheus’ eye. Anyway, 
it was good, clean fun! 


Armco Steel Corp. has received a 
conservation award from the Alle- 
gheny County Sportsmen’s League in 
recognition of the pollution control ac- 
tivities of the company’s Butler, Pa., 
works. The citation states that the 
plant has for many years followed the 
practice of neutralizing its liquid 


(Continued on page 46 


wastes and that, when accidental pol- 
lution has occurred, Armco “has vol- 
untarily made reparations far beyond 
the requirements of law for stream 
damage and losses to aquatic life.” 


Fred D. Ordway Jr. has been ap- 
pointed director of the Portland Ce- 
ment Assn. Fellowship at the National 
Bureau of Standards in Washington, 
D.C. The fellowship, which operates 
as an integral section of the associa- 
tion’s research department, employs a 
staff of scientists in the Bureau of 
Standards laboratories to conduct basic 
research on portland cement. Dr. Ord- 
way has been acting director since the 
retirement of Dr. R. H. Bogue in 1954. 


A traineeship program for gradu- 

te public health personnel is provided 

yr in the Health Amendments Act of 
1956, recently passed by the House 
and Senate. In order to get the pro- 
gram under way as early as possible, 
priority will be given to individuals 
who are newly entering or presently 
engaged in public health work. In- 
formation on the program will be avail- 
able from the Div. of General Health 
Services, US Public Health Service 
Washington, D.C. 


Unheard, but not unheard of, is the 
application of noiseless noise to the 
removal of undirtless dirt from almost 
anything. As a matter of fact, the 
idea of vibrating the impurities right 
out of water was a pet program of 
ours until the development of atomic 
energy gave us gamma rays to play 
with. But even if water disinfection 
by gamma irradiation soon proves to be 
practical, soundless sound isn’t likely 
to be stilled. One of the many new 
applications under development is the 
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WORTHINGTON-GAMON 


WATCH DOG 
WATER METERS 


The meter used by 
thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

- made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON- GAMON 


METER DIVISION 
Worthington Corporation 


a 296 SOUTH STREET, NEWARK 5, NEW JERSEY 


OFFICES IM ALL PRINCIPAL CITIES 
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ultrasonic cleaning of water meter 
parts, a procedure that was discussed 
and demonstrated last April at the 
Utica meeting of the New York Sec- 
tion by George Lobb, a representative 
of the Bendix Aviation Corp., Teter- 
boro, N.J. Although Mr. Lobb’s ref- 
erences to such frightening things as 
“implosions” and “piezoelectric and 
magnetostrictive transducers” was a 
little higher pitched than our ears, his 
points that ultrasonic cleaning made it 
possible to get meter parts cleaner and 
to do the job with a minimum of meter 
disassembly were easy enough to un- 
derstand. And having been convinced 
that ultrasonic vibrations have no trou- 
ble in reaching out-of-the-way places, 
that they can remove even insoluble 
dirt, and that they are safe to use even 
on the most delicate instruments, we’re 


all set to try some ourself next Satur- 
day night. Baths are for the birds, 
we say; this really sounds sound! 


The national advertising campaign 
of Cast Iron Pipe Research Assn. was 
recently named a winner in the Satur- 
day Review's fourth annual contest for 
distinguished advertising in the public 
interest. More than 400 campaigns 
were screened by the weekly literary 
magazine’s panel to determine the 25 
awardees. The association’s adver- 
tisements have stressed the need for 
long-range planning and realistic rates 
in the water industry, and have urged 
public cooperation and support. The 
campaign was prepared by the H. B. 
Humphrey, Alley & Richards agency. 
Other award winners included Ameri- 
can Cyanamid, Caterpillar Tractor, and 
General Electric. 


(Continued on page 48 P&R) 
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The easy jobs are never assigned to me. 
1 can’t lie around and take it easy, and 
I never get a rest. When I’m put into 
service | kiss the world good-bye, 
‘cause I'll be gone for a long, long time 
and there’ll be no rest periods. Mine’s 
the job that hus to be done day and 
night for hundreds of years. But never 
worry ... Alabama’s Super De 
Lavaud Cast Iron Pipe . . . I'll be render- 
ing efficient and economical service 
when the others have dropped by the 
wayside. 


ALABAMA PIPE COMPANY 
General Sales Offices 


ANNISTON, ALABAMA 


In sizes of 3” to 24” in modern 
long lengths . . . Bell and Spigot, 
Roll-on-Joint and Mechanical 
Joint. 
We invite inquiries to 
our necrest sales office— 
122 So. Michigan Avenue 
Chicago 3, Ill. 
350 Fifth Avenue 
New York 1, New York 
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SHENANGO VALLEY WATER COMPANY 
converts six filters to ALOXITE® underdrains 


The Shenango Valley Water Company started operation in 1884 with five 
_ miles of mains serving 600 customers and 80 fire hydrants. Today, its 140 
miles of mains deliver an average of 7 MGD to 14,000 homes, businesses 
and institutions in the Sharon-Shenango Valley region of Pennsylvania. 

The company’s eight filters have a capacity of 8 MGD. Its first ALOXITE 
aluminum oxide porous underdrain was installed in 1952. Since then, five 
more fiiters have been similarly modernized — the sixth set of ALOXITE 
plates is about to go into service. 

This continuing program of filter modernization speaks well for the 
operating advantages provided by filters built with ALOXITE underdrains: 
elimination of upset beds . . . complete back- aed 
washing .. . freedom from mudballs . . . 
mum loss of head. me +) 

It is easy to see why the Shenango Valley 
Water Company has been able to keep “4 bf 
well abreast of the growing water needs of 
the area it has served solong.The company's 
management and engineering staff deserve — ea 
much credit for their progressive policy. nee a 


A B U U This informative 56-page book- 


let covers porous media for all 
fields of filtration and diffusion. 
Write us for your free copy 
today. 


Registered Trade Mark 


ue 
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“Tank trucks for Texas” was an 
idea by which we tried, 2 or 3 years 
ago, to dramatize the king-size drought 
that was being experienced in the 
Southwest. And now, with water 
shortages still plaguing the area, it 
looks as if at least the first act of the 


drama is actually being performed. 
The scene, as shown above, is a front 
lawn of a lovely home in Terrell, Tex. 
The players—not with the truck—are 
two of Terrell’s belles of the future. 
The plot, as revealed in a classified ad 
in the Terrell Tribune, reads: 


$10.00 WILL deliver 1,000 gallons 
clear rain water leaving truck your 
premises overnight for unloading 
through garden hose your plants. 
Jim Breeden. 


The hero, as far as we’re concerned, 
is author-producer Breeden, not only 
for knowing what water is worth, but 
for getting that much for it. And if 
watering water rates a penny a gallon, 
just imagine what washing water or 
cooking water or drinking water would 
bring. But that will be Acts II and 
III. 

Meanwhile, we can’t help wonder 
where or how friend Breeden gets his 


rain water when he needs it. After 
all, it isn’t supposed to have rained 
very much. But then, what water 
wasn’t rain water once? And who, 
for that matter, cares? 

Texas, anyone? 


James H. Stephens, formerly chief 
sanitary engineer of the South Caro- 
lina Board of Health, is now associated 
with Harwood Beebe Co., municipal 
and civil engineers, Spartanburg, S.C. 


George G. Schmid, engineer-man- 
ager of the Southeastern Oakland 
County (Mich.) Water Authority, has 
been named director of public service 
at Grand Rapids, Mich, 

Sidewalk superintendents, like back 
seat drivers, should normally be heard 
but not listened to. On _ occasion, 
though, it does pay to be a little more 
than just polite, as a metropolitan area 
water main installation crew in East 
Hartford, Conn., discovered last month 
when it continued excavations for a 
new line despite strong protests from 
the gallery that the job had been done 
the year before. A look at the orders 
after the year-old main had been un- 
covered disclosed the fact that the crew 
had picked the right street all right, but 
the wrong town. Ah well, it isn’t the 
first time or the worst time a con- 
tractor has ignored sidewalk sugges- 
tions. The one who built the tower at 
Pisa wouldn’t listen either! 


R. W. Schneider has been appointed 
field sales engineer for Indiana, Michi- 
gan, and Ohio by Infilco Inc. He 
replaces J. P. Manger, who will work 
in sales project engineering at the com- 
pany’s Tucson, Ariz., headquarters. 
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1879—ROSS-1879 
Automatic Values 


Controls Maintains 
elevation of safe operating 


water pressures 
for 
tanks, basins conduits, 


distribution 
ALTITUDE VALVE reservoirs 
1. Single Acting 
discharge 
2. Double Acting SURGE-RELIEF VALVE 


Maintains 


desired 
discharge A self contained 


pressure unit with 
regardless three or more 


of change automatic 
in controls 


rate of flow coe 

DUCING VALV 
Regulates pressure in gravity - 
and pump systems; between reser- Combination automatic control 


voirs and zones of different pres- | oth directions through the valve. 
sures, etc. 


Maintains 
levels in tank, Electric remote 
reservoir control— 7 
or basin solenoid or 
1. As direct motor 
acting 
2. Pilot oper- 
ated and with furnished 
float traveling | 
between two 
stops, for upper Adapted for use as primary or 
and lower limit | secondary control on any of the 
of water eleva- | hydraulically controlled or operated 
FLOAT VALVE tion. valves. 


a Packing Replacements for all Ross Valves Through Top of Valve 


can be 


REMOTE CONTROL VALVE 
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ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 4 oe 


PERCOLATION AND RUNOFF Vol.48,No.9 


(Continued from page 48 P&R) : 


Albert L. Morris has been named 
to the new post of director of company 
relations at Dorr-Oliver Inc., Stam- 
ford, Conn. With the retirement of 
Harold Oliver as vice-president for 
public relations and personnel, Mr. 
Morris has assumed overall responsi- 
bility for all public relations and per- 
sonnel functions of the company. 


A paternity suit was narrowly 
avoided—by two months, that is—last 
May when the Cleveland Water De- 
partment was advised by an irate fe- 
male resident that the fluorides in the 
city’s water supply had made her preg- 
nant. As Cleveland’s fluoridation pro- 
gram didn’t get under way until Jul. 2, 
Water Commissioner Frank Schwemler 
felt pretty sure that he could prove the 
department’s May impotence. The ac- 


(Continued on page 90 P&R) 


cusation, though, may be the first com- 
plaint against fluoridation that isn’t 
given the full treatment by antifluori- 
dationists—not because it is any more 
illogical than some of the others, but 
because the subject is one on which 
the least informed people seem to have 
more than adequate information. On 
the other hand, we wouldn’t want to 
bet that the claim wouldn’t make tell- 
ing propaganda in some quarters. 

At any rate, when Fluoride “Smith” 
Jr. arrives next February, he can be 
a lot surer of good teeth than parentage. 


Albert L. Blackwell, paving and 
public works engineer for Portland 
Cement Assn. in northern New Jersey, 
has been appointed to the New Jersey 
Board of Professional Engineers & 
Land Surveyors. 


FOR MAKING 
SERVICE 
CONNECTIONS 


Skinner Seal Service Saddle for steel, cast 
iron and transite pipe. Single massive bolt 
speeds and simplifies installation. Write 
today for new catalog. 


M. B. SKINNER COMPANY 
SOUTH BEND, INDIANA 


CHLORINE GAS CONTROL 
EQUIPMENT 


VISIBLE FLOW INDICATION 


VACUUM SOLUTION 
FEED 


FOR: 
WATER WORKS 


SEWAGE 
TREATMENT 


INDUSTRIAL 
PLANTS 


SWIMMING POOLS 


ANYONE CAN 
INSTALL 


EASY TO OPERATE 


LOW 
MAINTENANCE 
COSTS 


EVERSON MFG. CORP. 
221 W. HURON ST. CHICAGO 10, ILL. 
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Flood. David Dempsey. Ballantine 
Books, 101 Fifth Ave., New York 3, N.Y. 
(1956) 138 pp.; paperbound, 35¢; hard- 
bound, $2 
_ Flood is a story of water rather than 
water supply—a foot-by-foot report of the 
drowning of a good portion of Connecti- 
cut and Pennsylvania last Aug. 19. It is 
a gripping story because it is told in 

terms of people in peril, measuring the 

impact of the flood in terms of their 
actions and emotions. And it is well 
told, not only because the author is com- 
_ petent but because he has been conscien- 
tious enough to dig out his information 
directly from the people and places in- 
volved. Although the problems of water 
supply and of other phases of sanitary 
engineering are brought in only inci- 
dentally, the overall picture it gives of 
what an emergency can involve makes the 
book well worth reading. And water 
“wor men will recognize in the conclud- 
ing chapter, “Politics of Disaster,” many 
of the familiar frustrations in getting ac- 
tion once emergencies are over. 


Municipal Public Works Cost Ac- 
counting Manual. Walter O. Harris. 
Public Administration Service, 1313 E. 
60th St., Chicago 37, Ill. (1955) 98 pp.; 
paperbound ; $3 
This manual has been prepared by the 
author, with the assistance of other PAS 
staff members, for the guidance of mu- 
nicipal officials in installing and main- 


taining a cost-accounting system. The 
system outlined is complete with respect 
to classifications, forms, records, pro- 


cedures, and cost reports and statements. 
Designed primarily for hand bookkeeping, 
the system can be adapted for mechanical 
peration. 


Although the manual is broader i 
scope than is necessary for the wate 
works man, some of the material pre 
sented should prove of great value t 
operators of smaller plants, as well as t 
public works officials whose functions in 
clude water utility operation. The es 
tablishment of units of measurement i: 
particularly commendable. A number o 
the record forms are suitable for water 
works use as given or with modifications 


Clarification, Sedimentation, and 
Thickening Equipment—A Patent Re 
view. William L. Barham, Joseph L 
Matherne & Arthur G. Keller. Bulletiv 
No. 54, Engineering Experiment Station 
Louisiana State University, Baton Rouge 
La. (1956) 208 pp.; paperbound ; $2 

The authors have made a survey of 
patents in the period 1849-1954 covering 
primary and auxiliary devices for the 
clarification of liquids. Several hundrec 
patents are chronologically listed and dis 
cussed, with illustrations. 


Annotated Bibliography on Hydrol 
ogy (1951-54) and Sedimentation (1950- 
54), United States and Canada. Join 
Hydrology-Sedimentation Bulletin No. 7 
Subcommittees on Hydrology and Sedi 
mentation, Inter-Agency Committee on 
Water Resources. Government Printing 
Office, Washington 25, D.C. (1955) 207 
pp.; paperbound ; $1.25 

This publication, prepared by th 
American Geophysical Union, brings uj 
to 1954 its earlier bibliographies on thes« 
subjects. According to the preface, every 
effort has been made to cover all the 
literature published in the United States 
and Canada. There is both an author and 
a combined subject-place names index. 
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DeKalb County, Georgia, 
imstalis Armco Steel Water Pipe 


The phenomenal residential and industrial growth of this suburban Atlanta 
county has required a corresponding growth of water supply lines. To meet 
this demand, De Kalb County has installed almost 50 miles of Armco Welded 
Pipe since 1940. 

The most recent installation, in 1955, called for more than 10 miles of Armco 
Pipe, 30 inches in diameter, .281-inches wall thickness. This pipe was supplied 
to AWWA specifications with a spun-enamel lining to prevent tuberculation. 

You can easily meet your water line requirements from the wide size range 
of Armco Pipe. Diameters range from 6 to 36 inches, wall thicknesses from 
9/16-to 1/2-inch. Write to us for more data. Armco Drainage & Metal Products, 
Inc., Welded Pipe Sales Division, 4026 Curtis Street, Middletown, Ohio. 
Subsidiary of Armco Steel Corporation. In Canada: write Guelph, Ontario. 


hi WHEREVER WATER FLOWS, STEEL PIPES IT BEST 


Standard equipment easily han- 


dies 50-foot lengths of Armco 
Pipe for the De Kalb County water A RMCO 
Welded Steel 


Al 
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Meets A. W. W. A. Specifications 
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NEW Ponrtas.e 
WATER LABORATORY 


makes possible bacteriological 
analysis of water in the field 


The membrane filter (mf) method makes possi- 
ble a radical departure from the standard tech- 
niques of sanitary water bacteriology. This 
departure is fully justified, since it permits the 
use of a small, compact and economical piece 
of equipment in place of the conventional ex- 
pensive laboratory installations. Results are 
more reliable since the test can be performed 
at the source, avoiding the danger of deterioration of the sample 
during transportation. 


THE ISOPOR® WATER LABORATORY | 


@ Is portable 
Contains all facilities for sanitary | 
water tests 
Is independent from utilities 
ee: (water, power, gas ) 
ae 
_ @ Can be operated in the field by 
= personnel without professional 
training 
@ Produces a permanent record 
ar 
: Meets specifications of “Stand- 


ard Methods for the Examina- 
tion of Water, Sewage and In- 
dustrial Wastes, 10th Edition.” 


CHEMICAL 

COMPANY, INC. 

Box 65C ¢ Pasadena, California 
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ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage, Industrial Wastes and Incineration 
Problems 


City Plan id Airports 


Investigations, Reports, A 
For Chemical & 


Complete Service on Design and 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. B. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 
Curnton L. Bogert Frep 8. Catips 
Ivan L. Bogert M, Ditmars 
Rospert A. Lincotn A. MANGANARO 
Martin 


Water & Sewage Works 
Drainage 
Highways and Bridges 


145 Bast 32nd Street, New York 16, N. Y. 


Refuse Disposal 
Flood Control 
Airfields 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Rosert Norris 
Georce E. Lewis C. May 
Sruart B. Maynarp Homer J. Haywarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes—Refuse 
Disposal—M unicipal Projects 
Industrial 
Plans—Specifications 
Supervision of Construction 
and Operation—Valuations 

boratory Service 


75 West Street New York 6, N.Y. 


A. S. BEHRMAN 


Chemical Consultant 


Water Treatment 
Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BROWN AND CALDWELL 


Civil and Chemical Engineers 
Water—Sewage—Industrial Waste 


Consultation—Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution ; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Disrposat— 
Hyrpraviic DEVELOPMENTS 
Reports, Investigations, Valuations, Rates, 


Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 EB. 19th St., New York 3, N. Y. 
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PROFESSIONAL SERVICES 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


CAUSEY AND WEEKS 
Designers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Consultants 


Streets and Highways 
6165 EB. Sewells Point Road, Norfolk 13, Va. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


Phone 
DElmar 3-4375 


Kansas City, Mo. 
P.O. Box 7088 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 
601 Suismon Street 
Pittsburgh 12, Penna. 


JAMES M. CAIRD 
Established 1898 
C. E. Currtron, H. A. Bennett 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 

Flood Control & Drainage—Bridges 


Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 


351 EB. Ohio St. Chicago 11 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Dillsburg, Pa. 
Rochester, N. Y. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 
E. R. Cotton E. M. Pierce 


P. B. Streander G. A. Gieseke 
I. J. Silverstone 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 
132 Nassau Street 


P. O. Box 198 
New York 38, N.Y. 


Hyde Park 36, Mass. 
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DE LEUW, CATHER & COMPANY 


Sewerage 
Highways 


Grade 


Water Supply 
Railroads 


ns and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosher 
Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


Fay, Spofford & Thorndike, Inc. 


Engineers 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 
Airports — Bridges — Turnpikes 


Investigations Reports Valuations 
igns Supervision of Construction 


Boston, Massachusetts 


FINKBEINER, PETTIS & STROUT 


Carveton 8. E. Pertis 
Haro.p K. Strout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage 


reatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


Glace & Glace, Inc. 
Civil and Sanitary Engineers 


Water Supply, Purification and Distribution, 
Dams, Sewerage, Sewage and Industrial 
Waste Treatment 
Investigations, Reports, Designs 
Supervision of Construction and Operation 


1001 North Front Street, Harrisburg, Penna. 
Wash., D.C.—Easley, S. C.—Tallahassee, Fla. 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FREESE & NICHOLS 


Fort Worth, Texas 


FREESE, NICHOLS & TURNER 


Houston, Texas 


and Municipal Engineering—Water 

upply and Purification—Sewerage and Indus- 
pa aste Treatment—Highways and Struc- 
tures — Dams — Drainage Works — Airports— 
Investigations— Valuation—Design and Super- 
vision, 


WILLIAM F. GUYTON 
& ASSOCIATES 


Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th 
Phone: 77165 


3301 Montrose Bivd. 
ston 6, Texas 
Phone: JA-2-9885 


FROMHERZ ENGINEERS 


Structural—Civil—Sanitary 
Four Generations Since 1867 


Water Supply; Sewerage ; Structures; 
Drainage ; Foundations 


Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 


260 Godwin Ave. 
Wyckoff, N.J. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 

Wastes — Garbage Di trol 
Town Planning—Appraisals 
Investigations & Reports 
Harrisburg, Pa. Philadelphia, Pa. 
Pittsburgh, Pa. Daytona Beach, Fla. 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


& Industrial Wastes— 

ydraulics 

Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 
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PROFESSIONAL SERVICES 


Professional 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construetion 


1392 King Avenue Columbus 12, Ohio 


HAVENS & EMERSON 


W. L. Havens A. A. BurGcer 

J. W. Avery H. H. Mose.ey 

F. 8. Patocsay E. 8S. Onpway 
F. C. Consultant 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Wastes, Valuations— Laboratories Waste Disposal 
CLEVELAND NEW YORK Secushy 4, 
HAZEN AND SAWYER HARRY J. KEELING 

Engineers Consulting Engineer 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 
Reports, Design, Supervision of 
Construction and Operation 
Appraisals and Rates 


122 Bast 42nd Street 3333 Book Tower 
New York 17, N.Y. Detroit 26, Mich. 


Electrical— Mechanical—Corrosion 


Reports—Advisory Service 
Mobile radio communication systems ; 
Special mechanical design problems; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue Les Angeles 35, Calif. 


ANGUS D. HENDERSON 


Consulting Engineer a 


Water Supply and Sanitation 


330 Winthrop St. Westbury, New York 
210-07—29th Ave. Bayside, New York 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricaarp R. Kennepy Rosert M. Kennepy 
Investigation— Design 
Water Supply Water Purification 


Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. Bloss V. C. Lischer 
Water Supply—Airports—Hydraulic Engineer- 
ing—Sewerage—Sewage Treatment— Munici- 
pal Engineering—Reports 
Shell Building St. Louis 3, Mo. 


MORRIS KNOWLES INC. 


Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 

Inspection and Test at Point 
of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 
175 W. Jackson Blvd. 

Chicago 4, Ill. 
and Principal Mfg. Centers 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, 

Designs and Appraisals 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 
Industrial Buildings 
3142 Wilshire Bivd., Los Angeles 5, Calif. 
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LEGGETTE, BRASHEARS 
& GRAHAM 

Consulting Ground Water Geologists 

Salt Water Problems 


Investigations 
Reports 


New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


$51 Fifth Avenue 


Professional 
Serwices 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airports Valuations 
Laboratory 


Statler Building 
Boston 16 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


3@7 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows—Analysis 

Construction Control—Soil—Concrete 

Bituminous Pavements—Water Waste Survey 
Specifications—Consultations 


4120 Airport Rd. Cincinnati 26, Ohio 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industriai Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 
MOtrt Haven 5-2424 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 


G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures Power 


51 Broadway 


- Transportation 
New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Ernest W. Wuitiockx 
Ropert D. Car. A. ARENANDER 
Ma Prrente, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25)W. 43rd Se. New York 36, N. Y. 


RIPPLE & HOWE, INC. 


Consulting Engineers 
O. J. Ripeie V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


RUSSELL & AXON 


Consulting Engineers 


Civil—Sanitary 
Industrial— Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 


Municipal Airport, Daytona Beach, Fla. 
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Professional 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus, Ohio 


J. HOMER SANFORD 


Consulting Engineer—Hydrologist 
36 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Sait Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1 Ascan Avenue Forest Hills 75, N.Y. 


J. 8. Wat.ins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 

Branch Office 
901 Hoffman Building Louisville, Kentucky 


SCHAEFER & WALTON 
Consulting Ground- Water Hydrologists 
Investigations, Reports, Advice 
on 
Ground Water Development, Induced 


Infiltration From Surface Streams, 
Artificial Recharge, Dewatering. 


16 Leland Ave. Telephone 
Columbus 14, Ohio AMherst 8-3316 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment 
Reports, Designs, Supervision of Construction 
and Operation; Valuations 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, Iowa 


327 S. LaSalle Street 
Chicago 4, Illinois 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electricai 


Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


WILLING WATER 
Public Relations Consultant 
Willing Water cartoons available in low-cost 
blocked electrotypes and newspaper mats for 
use in building public and personnel good will. 
Send for catalog and price list 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 
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Hydrants deliver more water because th 
tion loss within the Hydrant has been reduced 
the practical minimum. This is achieved by: 

. Oversize Tapered Standpipe; area is more than — 
200% of Valve Opening. 2. Streamlined design 


of Standpipe and Nozzle Outlets. 3. Valve 
val 


ing is free from obstructions. 4. Rigid q 

control, uniform, smooth castings. Many et 
outstanding features are incorporated in Smith — 
Hydrants. Write for details. = 


Wy THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May '47) indicates 


volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


CHEMICAL ANALYSIS 


The Determination of Argon in Natural 
Waters With Special Reference to the 
Metabolisms of Oxygen and Nitrogen. 
K. SuGawara & I. Tocutkuso. J. Earth 
Sci. Nagoya Univ. (Japan), 3:77 (755). 
Argon is detd. as residual gas after treat- 
ment with Ca to fix N. Anal. given of 
8 wells, 3 lakes, and 1 rain water for O, 
N, and A. Some of waters are undersatd. 
with O and supersatd. with N.—CA 


Simultaneous Spectrophotometric Deter- 
mination of Calcium and Magnesium. A. 
Younc, T. R. Sweet B. B. BAKER. 
Analyst. Chem., 27:356 (’55). Rapid and 


accurate spectrophotometric method has been 
developed for simultaneous detn. of calcium 


and magnesium in water. Method is based 
on absorption measurements at wavelength 
of 630 mu and at pH values of 9.5 and 11.7. 
Eriochrome black T is used as indicator. 
From anals. of different mixtures it was 
found that avg. absolute error was 0.12 ppm 
for calcium and 9.09 ppm for magnesium. 
—WPA 


Calcium and Magnesium Determination 
With Sodium Ethylenediaminetetraacetate 
With Special Regard to Mineral Waters. 
K. E. Quentin. Z. Lebensm.-Untersuch. u. 
-Forsch. (Ger.), 102:106 (’55). Literature 
on method is reviewed and discussed. On 
basis of information, details are presented 
for application of method to drinking waters, 
and 18 waters were analyzed. 94 references. 
—CA 


Colorimetric Determination of Chloride 
Ion Via Ion Exchange. J. L. Lampert & 
S. K. Yasupa. Analyt. Chem., 27:444 (’55). 
In colorimetric method for detn. of chloride, 
the soln. is passed through column contg. 


granular silver iodate and released iodate 
reacts with cadmium iodide-linear starch re- 
agent to form blue linear starch-triiodide ion 
complex. Absorbancy of complex at wave- 
length of 615 mu is proportional to original 
concn. of chloride. No interference is caused 
by usual concn. of ions commonly found in 
natural waters. Bromide and iodide ions 
react in same way as chloride, but are not 
usually present—WPA 


Determination of Chloride and Bromide 
in Mixtures of Halides. C. Mater & H 
OTTERBEIN. Angew. Chem. (Germany), 66: 
636 (’54). Authors describe advantages of 
using ceric sulfate instead of chromate for 
selective oxidation of bromide when Cl is 
to be detd. in solns. contg. bromide and chlo- 
ride. By adding cerium salt and passing 
steam through acid soln. Br is practically 
completely driven off while chloride is not 
oxidized. If, however, concn. of acid is 
high, oxidation of chloride is also rapid, and 
if amt. of acid is low, oxidation of bromide 
is slow. Authors recommend that in some 
circumstances Br should not be completely 
driven off; small residual amt. is recogniz- 
able in first potential rise. Iodide must be 
removed by use of nitrite before addn. of 
ceric sulfate. Cyanide must be removed by 
weak acidification and steam distiln. Losses 
of Cl may also be caused by presence of 
thiocyanate with bromide or iodide. Method 
is rapid, and small variations in procedure 
do not affect it. Expts. were therefore made 
to combine detn. of chloride and bromide, to 
extend range of concn. in which method 
could be used, and to make it usable in pres- 
ence of iodide, cyanide, and thiocyanate. To 
avoid formation of I bromide, oxidation of 
iodide with nitrate is carried out in presence 
of excess cyanide, forming iodine cyanide 
which is removed, after destruction of excess 
nitrate with amidosulphonic acid, by steam 
distn. Thiocyanate can be destroyed with 


(Continued on page 64 P&R) 
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Valves 


The country’s leading consult- 


ing engineers, water works plant 

operators, and water works 

equipment manufacturers... 

combining their extensive design, 

manufacturing, installation and 

operation experience . . . have 

bm sea exacting specifications for rubber-seated Butterfly Valves. 
8) BUILDERS-PROVIDENCE Butterfly Valves conform to these specifications 

ar offer the following superior features: 


Builders Butterfly Valves 
(v Extra-rugged body construction. fully comply with AWWA 
V Extra large diameter, stainless steel shafts. STANDARDS to make them 
V Heavier, larger, ionger bearings reduce unit BETTER-BUY VALUES. Re- 
fond, quest Bulletin 650-L1. 
V Heavier, sturdier vanes. Write to BUILDERS- 
Vv Operators matched to valve see to meet job PROVIDENCE, INC., 3 65 


torque requirements and minimum AWWA 
Harris Ave., Providence 1, 


R. I. ... division of 


Oates 


BUILDERS-PROVIDENCE, INC. * PROPORTIONEERS, INC. * MACHINE CO. 
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alk. H peroxide without affecting Cl or Br. 
Authors describe app. used and give details 
of procedure for mixts. of chloride and 
bromide alone and in presence of cyanide, 
iodide, and cyanide and iodide, cyanide, and 
thiocyanate. Other ions tested did not inter- 
fere, although presence of other salts in very 
high conens. may cause loss of Cl as hydro- 
gen chloride. Fe ions may interfere in pres- 
ence of cyanide. Accuracy in samples where 
ratio of chloride to bromide varied from 
100:1 to 1:55 varied from —0.6 to +0.5%. 
—WPA 


New Knowledge in the Chlorination of 
Water and Sewage and on the Determina- 
tion of Free Chlorine. G. Gap & M. Man- 
THEY. Vom Wasser, 20:185 (’53). Au- 
thors give brief summary of difficulties and 
disadvantages of various known methods of 
detng. concn. of free chlorine in water. 
Method previously described by them, using 
sensitive dyestuff, Chlorindikator I, is suit- 
able for concns. of 0.3-0.2 mg/l Cl. Com- 
bination of this indicator with soln. of ar- 


senite (Chlorindikator II) has now been 
developed which is suitable for detn. of 1-50 
mg/l. Using this indicator and Winkler’s 
methyl red process, comparisons have been 
made which give information on chem. proc 
esses in breakpoint chlorination of artificially 
prepared water and of sewage. Comparison 
of results of 2 methods show that Cl up to 
breakpoint is mainly in form of chloramine. 
On addn. of Cl to water contg. ammonia, 
monochloramine is first formed; as addn. 
continues, dichloramine is formed, and when 
about half of chloramine present is in form 
of dichloramine, this reacts with mono- 
chloramine, and N and hydrochloric acid 
are formed. Small amts. of nitrate and 
nitrite were also found. Expts. showed that 
results with iodometric method and with 
new indicator, which were widely different 
with crude sewage, agreed better when sew- 
age had been settled and filtered or treated 
with coagulants ; effects of suspended or col- 
loidally dissolved org. substances was there- 
fore studied. These substances, produced on 
addn. of Cl, which had no action on new 


(Continued on page 66 P&R) 


ELEVATED 
STEEL TANKS 


@ Elevated Steel Tanks for wa- 
ter supply, ranging from 5,000 to 
2,000,000 gallons—ranging from 
standard hemispherical self-sup- 
porting bottom to spherical tank 
on tubular tower. 


Correctly built in accordance with 
AWWA specifications. Send us 
your inquiry, stating capacity, 
height to bottom and location. 
Established 1854. Write for Tank 
Talks. 
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THE FILES OF DR. CENTRILINE... 


CASE #1687 
PATIENT: 5 miles of 62” and 36” steel water mains in 


St. Louis, Missouri. 
SYMPTOMS: Leakage repair costs on the increase from 1936 to 1947. 
DIAGNOS!S: External corrosion causing pitting through the pipe wall. 


TREATMENT: In 1947, after consultation with Centriline, pipelines 
were cleaned and cement-lined in place with a smooth, 
dense mortar lining by the Centriline Process. 


+ RESULTS: The dense cement lining stopped leakage, eliminating 
7 high maintenance costs. Savings represented 13% 
return on the cost of cleaning and lining.* 


This lining has paid for itself in only 8 years. Not only was the leakage stopped 
but the carrying capacity was increased. If your problem is leakage in steel pipe 
... Or capacity reducing tuberculation in steel or cast iron water mains, consider — 
the advantages of cement lining in place. 


*From a paper written by Mr. John B. Dean, Division Engineer, Water Div., St. Louis, Mo. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 


140 Cedar Street, New York 6, N. Y. Branch Offices in Principal Cities 
of the United States, 


WOrth 2-1429 Canada and Latin America 
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hal, 


indicator but liberated I from K iodide, were 
found to have no bactericidal action. Expts. 
with settlable material from no. of sewages 
are described. With sewage treated with 
110 mg/1 Cl iodometric measurement showed 
presence of 17 mg/Il free Cl, whereas true 
excess of bactericidally active Cl, as shown 
by new indicator, was 8 mg/l. Importance 
of this difference, especially in case of sew- 
age contg. tubercle bacteria, which require 
10 mg/l! Cl for their destruction, is pointed 
out. Only bactericidally active Cl is given 
by new indicator—_WPA 


The Polarographic Determination of 
Fluoride. I. Basic Principles of the 
Method: Application to the Cathode-Ray 
Polarograph. B. J. MacNu tty, G. F. Rey- 
NOLDS & E. A. Terry. Analyst, 79:190 (’54). 
Polarographic method has been developed for 
estng. fluoride, based on reduction in height 
of polargraphic step obtained when alumin- 
ium-Solochrome Violet R.S. complex is re- 


duced. Linear relationship was found to exist 
between depression of step height and concn. 
of fluoride. Detailed procedures are given 
for estng. fluoride directly or after distiln. as 
hydrofluosilicic acid, in concen. range 0.1- 
0.8 ug/ml fluoride using std. polarograph 
and in ranges 0.02-0.1 ug and 0.004-0.02 
ug/ml fluoride using cathode ray polaro- 
graph; pH of 3.9 was most suitable. For 
submicrogram amts. of fluorine, impurities 
must be removed from reagents by complex- 
ing with acetylacetone and extracting with 
chloroform. Results of anals. of std. solns. 
are given in tables—WPA 


The Polarographic Determination of 
Fluoride. II. The Determination of Fluo- 
ride in Bromine, Hydrochloric Acid, and 
Hydrobromic Acid. J. S. BevertncE Et AL. 
Analyst, 79:267 (54). Polarographic method 
of detg. fluoride has been applied to detn. 
of fluoride in hydrochloric acid, hydrobromic 
acid, and B. In case of hydrochloric acid, 
acid is neutralized with ammonium hydrox- 


(Continued on page 70 P&R) 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
| 179 EAST 87th STREET - NEW YORK, N. Y. 
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CAST IRON PIPE 
TAKES ’EM"IN STRIDE”! 


EASY TO LAY. As easy to make up as a 
standard flanged joint. Lower labor in- 
stallation cost because of ease of joint 
make-up and longer laying lengths. 


FULL 15° TURNING DEFLECTION with 
absolutely no reduction in the full in- 

opening area—therefore, no ab- 
normal pressure-drops at deflected 
joints. Deflection stresses evenly dis- 
tributed among all the bolts. 


Mail coupon for complete information 
on Clow Ball-and-Socket River-Crossing 
Pipe. No obligation, naturally. 


JAMES B. CLOW 
& SONS 


201-299 North Talman Avenue 
Chicago 80, Illinois 


Subsidiories: 


Eddy Valve Co., NY. 
towa Valve Co, Osk 


r 
| 
| 
| 
| 
| 
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i 


ONLY A wert wid WRENCH NEEDED. 
No split parts. Fewer parts—each joint 
consisting of one complete pipe, one 
solid follower ring, one solid ring gasket, 
bolts and nuts. 


LONGER LAYING LENGTHS—approxi- 
mately 18’6”—faster installation, lower 
costs. However, lengths may be varied 
to suit conditions. For example: 6 foot, 
12 foot or other special lengths may be 
advisable to suit voquived curvature. 


JAMES B. CLOW & SONS 
201-299 North Talman Avenve 
Chicago 20, Illinois 


Please send me, without obligation, 
details and specifications of Clow 
Ball-and-Socket River-Crossing Pipe. 
Street Address 
City 
Individval’s Name 
Position 
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ide. High concen. of ammonium chloride 


results in uniform depression of step height 


of aluminium complex and reproducibility is 
reduced from +10% to +15% for concns. 
up to 0.5 ppm fluoride. In applying same 
inflection point of wave was sufficiently dis- 
method to hydrobromic acid, it was found nec- 


- essary to add small amt. of Cd so that inflec- 


Diffusion cell is 2-oz polythene bottle. Re- 
ceivers are strips of polythene sheeting with 
part of surface depressed and roughened to 
form base which is wetted with aq. soln. 
of Na hydroxide (2 mg). Not more than 
1 ml of sample is introduced into bottle and 
frozen; 2 ml of 70% perchloric acid is added, 
and bottle is closed with screw cap and 


tion point of wave was sufficiently distinct 

- for accurate measurement. For Br, small 

quant. of sample is placed under layer of 

_ water contg. Al salt and evaporated by gentle 

heating until no Br can be detected by starch- 

iodide test. Fluoride is then detd. in soln. 

In general, and particularly with hydro- 

_ bromic acid, results with cathode ray polaro- 

graph were better than with conventional 
polarograph.—_W PA 


heated in oven at 50°C for 20 hr. Na fluo- 
ride is dissolved from receiver by centri- 
fuging and shaking it with known vol. of 
water. Soln. is analyzed either by titration 
with Th nitrate using Bien’s indicator or 
fluorometrically. Using Na fluoride solns. it 
was found that up to 1 mg fluoride was satis- 
factorily collected, avg. recovery being 
101.2% of theoretical. Using larger vols. of 
liquid, recovery became progressively poorer 
due to slow rate of diffusion of H fluoride 
through liquid. In presence of 0.5-2 mg Na 
chloride, results were low unless 8-10 mg 
Na hydroxide was used on receiver. Pres- 
ence of 10 mg glucose interfered—WPA 


Determination of Fluoride. L. Sivcer «& 
W. D. Armstronc. Anal. Chem., 26:904 
(54). Method is described for detn. of 
small amts. of fluoride by conversion to hy- 

drogen fluoride and diffusion of H fluoride. 


(Continued on page 72 P&R) 


op-tight shut-off 


Easy... Efficient... Economical 
with 


LEOPOLD 


Rubber Seated 
BUTTERFLY VALVES 


In this design, the seat is of resilient neoprene 
rubber or pure gum rubber, vulcanized around 
a steel ring insert, and held in place by a 
keeper ring. The steel ring, which is ‘“‘con- 
tinuous” to eliminate abnormal wearing, 
increases the firmness of the seat and assures 
longer service life. 

Whether operated manually or by auto- 
matic controls, Leopold Butterfly Valves 
always provide a itive shut-off that’s 
bubble-tight. Made in sizes 6” to 72’’. 


Write today for descriptive literature! 


warTer AMO PRLTER PLANT SQUIPMENT BUTTERFLY VALVES 
PATER OFERATING TABLES MULUN® EQUIPMENT ORY 
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OU went vome 


WHEN THE FIRST HYDRO-TITE JOINTS 
WERE BEING POURED - 


(POWDER) 


For over 40 years HYDRO-TITE has been faith- 

fully serving water works men everywhere. Self- 
caulking, self-sealing, easy-to-use. Costs about | 
1/5 as much as lead joints. Packed in 100 Ib. A y 
moisture-proof bags. 


GHYBRO-TITE 


The same dependable compound in solid form 
—packed in 50 Ib. cartons—2 litters of pigs 
to the box—24 easy-to-handle Littlepigs. 
Easier to ship, handle and store. 


(REELS) 


(REELS) 


The sanitary, bacteria-free joint packing. 
Easier to use than jute and costs 

about half as much. Insures sterile 

mains and tight joints. 
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Determination of Iodides and Bromides 
in Mineral Waters. V. P. KHRAMov. 
Trudy Komissii Anal. Khim., Akad. Nauk 
S.S.S.R., Otdel. Khim. Nauk (Russ.), 5:262 
(54). Willard and Heyn method was modi- 
fied for analysis of mineral H.O. All-glass 
distn. app. was used. In Ist receiver was 
placed 10 ml 10% KOH, in 2nd 10 ml 3% 
KOH. 100-ml sample and 50-100 ml 0.4% 
Cl water were placed in distg. flask. To 
sep. Br, stopcock on inlet tube was closed 
and sample heated to boiling. After Br was 
distd., air was passed through for 30-35 min 


at 35 ml/sec while flask cooled to not 


less than 50°. Contents of receivers were 
transferred to conical flask. Then 25 ml 
satd. CaCl, 5 ml N KOCI, and 5 ml 1.5% 
Zn(OAc)2 were added. Mixt. was dild. to 
100 ml and 50% AcOH was added until 
most of the ppt. dissolved. Last of ppt. was 
just dissolved by adding 5% AcOH drop- 
wise. Soln. was boiled 5 min, 5 ml of 4- 
satd. Na formate soln. (COs-free) was 
added, and soln. was boiled again for 5-10 


(Continued on page 74 P&R) 


PLUG VALVES 


HAVE ALL THESE ADVANTAGES! 


NO LUBRICATION-- 
YET THEY 


pom OPERATE EASILY -- 


we A 


min. Bromate and iodate (in distg. flask) 
were detd. iodometrically. If Fe is present, 
iodate titration must be done in phosphate 
medium. In synthetic samples, contg. 3-40 
mg I and 3-60 mg Br, greatest relative error 
for I was 1.06%, for Br. 1.66%. Analysis 
of 3 H.O samples gave precise results.— 
CA 


Rapid Colorimetric Determination of 
Traces of Iron in Water. H. NisHipa. 
Japan Analyst (Jap.), 3:250 (’54). In 
method for detng. low concns. of iron in 
water, 200-300 ml sample is taken and 5 ml 
of 10% strontium nitrate and 5 ml of 10% 
sodium carbonate are added. After boiling 
the mixture for 2-3 min and allowing to 
stand, ppt. is sepd. by centrifuging and 2 ml 
of nitric acid are added. If organic matter 
is present, soln. of the ppt. should be boiled 
for a few min and diluted with water to 
give vol. of 5 or 10 ml, 5 or 10 ml of 10% 
potassium thiocyanate are added, and result- 
ing color is measured with filter with wave- 


AND WITH JUST 
QUARTER-TURN 
THEY CLOSE TIGHT 


ee WITHOUT LEAKAGE 


Available in sizes thru 20”, 
with floor stand operators 
and in 3-Way and 4-Way 
styles. Write for details. 


IN SPITE OF SAND OR 
SILT IN THE FLOW! ys 


SHOWER COMPAN 
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The combined capacity of Roberts- 
equipped filtration plants is well over 
6 billion gallons (5,000,000,000) per 
day. Regardless of the size of the 
plant or the nature of the filtration 
problem, Roberts Filter can be 
depended upon for equipment that 
is reliable in years of service. 


SWIMMING POOL 
RECIRCULATING SYSTEMS 


The combination of thoroughly clari- 
— fied water and efficient recirculation 
are features for which Roberts pools 
are famous. Systems for both outdoor 
= indoor pools are designed and in- 
stalled by men long experienced in 
—~ conditions peculiar to a success- 


swimming pool installation. 


Water treatment has long been a 
specialty of Roberts Filter. Zeolite 
water softeners are n to 
meet all requirements for which 
recommended, and are available in a 
wide range of capacities. rts 
water conditioning equipment is 
widely used to control pi y 
desired chemical content of water 
for industrial use. 


PRESSURE FILTERS 


Closed pressure filters have wide 
usage where gravity filters are not 
justified. Roberts vertical filters are 
available in standard types from 12” 
to 96” diameter; horizontal pressure 
filters are all 8’0’ in diameter and in 


varying lengths from 10’0” to 25/0”. 


When you think of good water—think of Roberts Filter 


i 
MUNICIPAL WATER PURIFICATION INDUSTRIAL WATER RECTIFICATION 
q 
: 
| 
— 
835848 
Manufecturing Company+Darby,Penna, 
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length of 470 mu. Method has given accu- thiocyanate method (Hanzal, Proc. Soc. 
rate results for concns. of iron of 0.004-0.30 Exptl. Biol. Med., 30:846 (’33))—CA 
mg/l.—WPA 
The Use of Trilon B for the Determina- 
- Determination of Iron in the Water for tion of Iron in Natural Waters. A. A. 
Saké Brewing by the Bipyridine Method. Basuxirtseva & E. M. YAkrimets. Factory 
-H. Muto & K. Sato. J. Soc. Brewing, Lab. (U.S.S.R.), 21:533 (’55). In detn. of 
Japan, 50:294 (’55). Bipyridine method low concns. of iron in natural waters with 
(Moss & Mellon, C. A., 37:1097) was modi-  Trilon B, it has been found that ammonium 
fied for visual colorimetry of slight color thiocyanate is more suitable than other indi- 
developed with 0.01-0.1 ppm Fe in water. cators that have been used. pH value of 
Into 50 cc water in Nessler tube, 0.1% bi- soln. should be adjusted to 1.4-16—WPA 
; pyridine reagent 1, 10% NaeSOs soln. 5, 
and HCI soln. (1:3) 1 cc. were added suc- The Spectrophotometric Determination of © 
= shaken, and after 10-30 min the Magnesium With Thiazol Yellow Dyes. 
color developed was compared visually T. A. MitcHett. Analyst, 79:280 (’54). 
against standards. Change of transmittance Critical examn. of spectrophotometric method 
with 10-mm cell was very small (about 2%) of detg. Mg with thiazol yellow dyestuffs 
under 0.1 ppm, and photoelectrocolorimetry has been made. Rapid fading of Mg dye 
did not suit in range of 0.01-0.1 ppm. Na, complex was shown to be associated with 
& Ca, Mg, Al, NH, Cl, SOx, NOs, and ageing of Mg hydroxide; it was inhibited 
PO. did not inhibit detn. 4 kinds of tap by addn. of glycerol and concd. sodium hy- 
_ water were analyzed by method, and results droxide. Protective colloids greatly in- 
were compared with those obtained by the creased soly. of Mg hydroxide and, there- 
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PROPORTIONEERS’ Heavy Duty Midget Chlor-O-Feeder 
is right from every angle . . . it’s low in first cost and low 
on upkeep . . . and it’s backed by PROPORTIONEERS, 
ALL THREE leading manufacturer of chemical feeders. Delivers 0.5 

to 9 GPH against pressures to 85 psig. “See-thru” pump- 
ing head . . . anti-corrosive construction . . . complete 


sk 7 “package” ready for installation. Bulletin 1201-2 gives 
; complete details. Write to PROPORTIONEERS, INC., 


INDUSTRIES 


PROVIDENCE, RHOOE Oi 


PROPORTIONEERS, INC. * OMEGA MACHINE CO. * BUILDERS-PROVIDENCE, INC, 


74 P&R 
ot 
: 
[_ 
PROPORTIONEER 
: 


Sep. 1956 


: City of New York, 66” diameter steel water pipe line, lined and coated, 
: installed approximately 50 years ago. Still in service. 


STEEL PIPE the Water Boy” 
that never shows its age 
Of all the water carriers, strong, durable steel pipe is the ‘poe af 
one pipe that assures you the most dependable, trouble-free ent x ' 
service for the longest time. City after city is still getting top & ; , 


preformance from steel pipe lines that are 50, 60, 70 years old... or even older 
That's one reason why those same cities again choose reliable steel 


pipe when they extend their water mains. They know, too, that the great 
improvements in steel and pipe fabrication, plus the added protection of 
scientifically-applied linings, coatings and wrappings, guarantee an 
co even longer, more useful life for their new pipe lines. 


So if you, too, want a pipeline that will stand up under generations of 
hard usage without showing its age, you’re smart to specify STEEL pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST”’ 


STEEL PLATE FABRICATORS Ca) 
ASSOCIATION 
79 W. MONROE ST., CHICAGO 3, ILL. = 
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fore, of colored complex; sol. starch was 
preferred, because it does not affect color 
of dye or complex. Al, Mn, Fe, Co, Ni, Cu, 
and Zn in concns. of 25 ug/ml test soln. 
caused marked interference. Effect of cal- 
cium was variable. Small amts. of citrate 
and tartrate ions suppressed color formation. 
In proposed method, Mg is pptd. as Mg am- 
- monium phosphate after removal of Ca by 
 ppn. as oxalate and addn. of citrate to hold 
Fe and Al in soln. Ppt. is redissolved in 
aq. acetic acid and colorimetric detn. is 
carried out on resultant so'n. More than 
— 50 wg Mn in soln. contg. 15-120 ug Mg 
_ interfered. In anals. of plant extracts, std. 
deviation ranged from 1.2 to 4.0 for concns. 
of 12-120 ug/ml Mg. Recovery of Mg added 
to plant extracts ranged from 93-107% and 
aved. 101%.—W PA 


Surface Waters. I. Colorimetric Deter- 
mination of Nitrites and Nitrates. II. 
a Colorimetric Determination of Ammonia. 


Determination of Inorganic Nitrogen in 


(Continued from page 74 P&R) 
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E. V. GerovovA & J. CHatupa. Csl. Hyg., 
Epidemiol., Mikrobiol., Imunol. (U.S.S.R.), 
4:269 (’55). Several methods of detng. 
nitrites and nitrates colorimetrically were 
reviewed. Method previously described by 
Sanchez was modified. Method is sensitive 
to 0.05 mg of nitrogen/l with error of 
+1.9%. New method for colorimetric detn. 
of ammonia is described based on reaction of 
ammonium ion with phenol and hypochlorite. 
Sensitivity is 0.004 mg of ammonia/I, with 
error of +10%—WPA 


Colorimetric Determination of Nitrogen 
as Nitrite, Nitrate, or Ammonium Salt. 
I. A New Method of Determining Nitro- 
gen as Nitrite. S. Aro « H. Aoxr. Rep. 
Sci. Res. Inst. (Jap.), 30:329 (’54). New 
colorimetric method of detng. nitrite nitrogen 
is described. 2 reagents used are 1-naphthyl- 
amine and phenol disulphonic acid. When 
added to nitrous acid in this order, purple 
color is formed, which can be used to detn. 
0.005-0.2 ppm nitrogen. When added to 


For Public Water Fluoridation | 


Sodium Si licofluoride—98% 


(Dense Powder) 


Sodium Fluoride—98% 


(Dense Powder or Granular) | 
Meets AWWA specifications 
White or tinted blue 


Minimum of dust in handling 
Minimum of storage space 


it de. Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Cc Co. 


50 Church Street, New York 7, N. Y. 
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The new intake and 
river pumping station 
in Kansas City, Mis- 
ouri, uses 60” Pratt 
Rubber Seat Butterfly 
Valves for pump dis- 
harge and 72” valves 
for header sections. 


Look! A modern pumping station with 
compact, unobtrusive large-diameter 
valves that require no more clearance 
than a standard pipe flange, and oper- 
ators that are equally compact. Face- 
to-face dimensions of these 60” and 
72” diameter Henry Pratt Rubber Seat 
Butterfly Valves are only 15” and 18” 
respectively. 

Specifying Pratt valves means impor- 
tant savings in space and installation 
costs—but even more important, 
economy through years of efficient, 
maintenance-free operation. 


Pratt originated the Rubber Seat But- 


HENRY 


PRA‘ 


Henry Pratt Comp 


any, 2222 S. Halsted St., 


mein 


terfly Valve and has installed more of 
them than any other manufacturer. 


For valve design with a 50 year rep- 
utation for practical imagination, see 
Henry Pratt. 


NEW! Latest, most accu- 
rate pressure drop and 
flow data, conversion 
tables, discussion of 
butterfly valve theory 
and application plus 
other technical in- 
formation. 

Write for Manual B-2C. 


RUBBER SEAT 


| as 
# 
KANSAS CITY: a 4 
Rugged efficiency ina minimum space | 
gg y p 
4 
or 
rt 
Chicago 8, Ill. Representatives in principal cities 
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Fordin’ Along... 


Although water is the most common and 

abundant material on the face of the 

earth few of us realize the extent to 

which it is constantly being created and 

destroyed chemically. Every bit of car- 

bohydrate and protein formed by living 

plants and creatures includes hydrogen 

and oxygen which have come from the 

chemical destruction of water. Every 

fire of organic matter, every explosion 

in an automobile cylinder, even every 

clonntte ‘puff, combines hydrogen with oxygen to make new water. 

Both chemically and physically, water is the busiest compound known 
to man, and the most important. 


(Continued from page 76 P&R) 


immersion, and to cut out effect of natural 
movement of water and increase reproduci- 
bility by more rapid movement at electrode. 
Electrodes of gold amalgam with surface 
area of 0.1 cc. were found to give const. and 
uniform results. Details are given of constr. 
of app. in which plummet is fixed in vessel 
filled with water under examn. and supplied 


nitrous acid in reverse order, yellow color 
is formed, which can be used to detn. 0.2-1 
ppm nitrogen. Certain ions, notably those 
of ferric and ferrous iron, aluminum, lead, 
and sulphur interfere if present in more than 
certain concns. which are given —WPA 


T-O., an Instrument for the Estimation 


of Temperature and Dissolved Oxygen in 
Natural Waters. S. B. Sama. Progr. 
Fish Cult., 17:162 (’55). Illustrated de- 
scription is given of design and operation of 
instrument, combining a simple thermistor 
circuit with electrolytic cell, for detn. of 
temp. and DO in water.—IVPA 


The Further Development of the “Oxy- 
gen Plummet” for Direct Electrochemical 
Determination of Dissolved Oxygen in 
Natural Waters. F. Topr « G. Perscn. 
Gesundh.-Ing. (Ger.), 76:104 ('55). Au- 
thors describe developments in design of O 
plummet, objects of which were to reduce 
electrode area, to develop electrode which 
produced correct values immediately after 


(Continued 


with stirrer to produce regular movement 
of water. Results of expts. in tap water 
and in Havel R. at different points are given. 
In river irregular movement of water caused 
variation and adaptation was made to plum- 
met to ensure regular flow at rapid rate 
past electrodes; these were placed in center 
of plummet where passage was narrowed to 
about % size of inlet and outlet openings. 
With increased rate of flow steady readings 
were obtained with reduced size of electrode, 
and use of gold amalgam largely removed 
effect of carbonate hardness. New form of 
plummet is suitable for direct measurements 
in waters of varying compn.—WPA 


Colorimetric Determination of Low Con- 
centrations of Dissolved Oxygen in Wa- 


on page 80 P&R) 
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ECONOMIES 


When a meter-servicing chore seems 
to require more time and bother 
than it is worth, Ford engineers us- 
ually come up with a new idea to 
save time and cut costs. Each of the 
products in this space was pioneered "a 
by Ford to solve an expensive service 
cra «Eee problem. It pays to refer your prob- 


lems to Ford FIRST. = 


RESETTERS COPPERSETTERS 
Until the Ford Resetter was developed 
the only way fo raise a too-low meter The 
was to dig up and remake the setting. 
The modern way to do the job is to 
remove the meter from between the 
old couplings, insert the Resetter and 
connect the meter between the flanged 
copper tubes. 


complete meter 
mounting and has 
been widely adopted 
for outside meter set- 
tings in shallow and 
medium depth serv- 
ice lines. The word 


5 


is copyrighted; there is no Coppersetter ex- 
cept that made by Ford. | 


RINGSTYLE TESTERATE 


COUPLINGS INDICATOR 

lt is important to know the 
The Ringstyle idea of putting the meter nut on rate of flow at which a meter 
the coupling body from the flange end permits is tested. The Testerate Indi- 


cator shows the rate instantly 
i fi ttach direct 
designing meter couplings for attaching direc ond tate 


to iron pipe or copper tubing. There are sav- duced in 1938, there are al- 
ings in fittings, joints, labor and space. most two thousand in service. 


as 
= 

— 

a 

a 
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-Gasometric Determination of 


Check of Titrimetric Methods. 


carmine in glycerol. 


CONDENSATION 


(Continued from page 78 P&R) 


ter. L. S. Bucnorr, N. M. INGBER & J. H. 
Brapy. Anal. Chem., 27:1401 (’55). From 
0-25 parts/billion O in water is detd. in 
special cell by color change of soln. of indigo 
Method is especially 
adapted for field use by nontech. personnel. 
—CA 


Dissolved 


WHEATLAND & L. J. Smitu. J. Appl. Chem. 
.), 5:144 (55). HgCle was added to sea 


- water to prevent loss of O by biochem. oxi- 


dation of org. matter. 
then extd. from known vol. 
boiling in vacuo. 
detd. 


was absorbed by 40% KOH soln. 


Na anthraquinonesulfonate as catalyst. 
probable max. error was 


Dissolved gases were 
of water by 
Compn. of extd. gases was 

CO. 
O was 
absorbed with alk. soln. of NaHSOs; contg. 
The 
+0.04 ppm O. The 
titrimetric method was modification of Win- 


in const.-vol gas-analysis app. 


_kler method with amperometric end point. 


_ Titrimetric method was accurate to within 


+£0.02 ppm O. 


Mean difference between 


results obtained by gasometric and titri- 
metric method was about 0.01 ppm—CA 


Determination of Zinc, Copper, and Lead 
in Some Chilean Mineral Waters. O. C. 
GonzA.ez. Bol. Soc. Chilena Quim. (Chile), 
5:22 (’53). Dithizone titration method of 
Granton used for detn. of zinc or lead was 
compared with dithizone photoelectric method 
Sensitivity of both methods was similar for 
amts. smaller than 16 wg. Other ions did 
not interfere appreciably with detns. Carbon 
tetrachloride soln. of dithizone was preferred 
for zinc, but chloroform solution was best 
for lead. Best method for detng. copper 
was found to be pptn. with pyridine in pres- 
ence of acetic acid and ammonium cyanate, 
extraction with chloroform, and colorimetric 
estn.—_WPA 


Determination of Dissolved Solids in Wa- 
ter Samples by Flame Photometer. G. E. 
MarsH. Analyt. Chem., 27:320 (55). 
Beckman flame photometer with photomulti- 
plier tube can be used for rapid and accurate 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 

eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Eachange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street ° MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG, CANADA; 576 Wall 
Street ° HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 
RICO; Luis F. Caratini, Apartado 2184. 
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detn. of calcium, magnesium, sodium, and 
iron in water. Concns. which can be detd. 
are, calcium 30-45 ppm, magnesium 5-15 
ppm, sodium 5-25 ppm, and iron 1-2 ppm, 
each with accuracy of +0.1 ppm—WPA 


Determination of Anionic Detergents in 
Sewage, Sewage Effluents and River Wa- 
ters. J. Loncwett W. D. MANnIECcE. 
Analyst, 80:167 (55). Method for the 
detn. of anionic detergents in sewage, sew- 
age works effluents, water, and sea water, 
is based on formation, and extraction by 
chloroform, of complex of detergent and 
methylene blue, but differs from other meth- 
ods using this reaction in that extraction is 
carried out in alkaline soln. and extracts are 
washed with acid soln. of methylene blue. 
Efficiency of method was compared with that 
of Degens, Evans, Kommer, and Winsor, 
which involves extraction in acid soln. and 
omits washing of extracts. New method 
was found to be unaffected by presence of 
inorganic ions, and gave improved recovery 
of sodium alkylbenzenesulphonate in sewage 
and sewage works effluents. It is suggested 


that sodium dioctylsulphosuccinate (Man- 
noxol O.T.), which can be obtained in high 
state of purity, would be suitable universal 
reference std. for expression of cocn. of 
anionic detergents —W PA 


LABORATORY METHODS 


Mineral Water. I. Determination of So- 
dium Ion by Flame Spectrophotometry. 
M. Y. MAsHIKO & Y. KANROJI. 
J. Pharm. Soc. Japan (Jap.), 75:1492 (55). 
Detn. of Na* by flame photometry by direct 
ignition of hot-spring and mineral-spring 
water, by using std. calibration curve of std. 
NaCl soln., gives neg. error which cannot 
be disregarded; only exception is common- 
salt spring. Good anal. results can be ob- 
tained when spring water is adjusted to pH 
4 with N HCI, boiled for 10 min to drive off 
COz and H:2S, passed through Amberlite 
IRA-410 (R-Cl type), thereby changing all 
anions in sample water to Cl, and finally 
submitted to flame photometry. This method 
can be applied widely to majority of neutral- 
salt springs in Japan, excluding acid, alum, 
and acid alum-vitriol springs. It is better 
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propelier-type meter designed for main line totalizing of water 
consumption . . . available in 2 to 20 inch sizes . . . with flanged, 
bell and spigot, and threaded ends. Rated capacities range 
from 15 to 5800 gpm . . . accurate to within plus or minus 2% 
of actual flow. For complete information, write to BUILDERS- 
PROVIDENCE, INC., 365 Horris Ave., Providence 1, R. |. 

» division of 


don’t surmise... 


PROVIDENCE, RHODE 


CONTROL 
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otalize!: 
Builders-Providence PROPELOFLO® is a direct-reading, ; 
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HELPS SOLVE YOUR WATER PROBLEMS 


Triangle Brand Copper Sul- 
phate economically controls 
microscopic organisms in wa- 
ter supply systems. These or- 
ganisms can be eliminated by 
treatment of copper sulphate 
to the surface. Triangle Brand 
Copper Sulphate is made in 
large and small crystals for 
the water treatment field. 


Roots and fungus growths 
in sewage systems are con- 
trolled with copper sulphate 
when added to sewage water 
without affecting surface trees. 


Booklets covering the sub- 
ject of control of microscopic 
organisms and root and 
fungus control will be sent 
upon requesf. 


PHELPS DODGE 
REFINING CORPORATION 


300 Park Avenue, New York 22, N.Y. 
5310 West 66th Street, Chicago 38, lil. 
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_ than chem. detn. of Na in that it gives better 


accuracy and shorter time is required. 
Weak-acid components which cannot be sub- 
stituted by above resin can be disregarded. 
—CA 


Colorimetry of Aluminum in Natural Wa- 
ter. H. NisuHma. Japan Analyst (Jap.), 
4:39 (’55). To 10-500 ml sample (more 
than 0.02 mg Al/l) add 2-3 ml 3% HO. 
to oxidize interfering ions. Then add 1-5 
ml 10% Ca(NOs)s (or Sr(NOs)2) and 10% 
NazCOs to adjust pH of soln. at 12-13. Heat 
soln. and filter off pptn. Save filtrate. If 
sample amt. is large, treat filtrate with 1-5 
ml 10% Ca(NOs)2 and small amt. of NasCOs 
to coppt. Al with CaCOs. Filter ppt. and 
dissolve it in 0.5 ml HNOs. To above fil- 
trate or this HNOs soln., add 2-3 ml 2% 
oxine in AcOH and adjust pH at 4.5-5 with 
HNOs or NH,OH. Shake soln. with 10-20 
ml C.He for 1 min, then measure transmit- 
tance of CsHe layer with 430-my filter. 
Method can be applied to Al detn. in silicate 
rock.—C A 


Estimation of Coliform Density by the 
Membrane-Filter and the Fermentation- 
Tube Methods. H. A. Tuomas Jr. & R. L. 
Woopwarp. Am. J. Public Health, 45:1431 
(’55). Results of statistical anals. of 3 ex- 
tensive investigations on wide variety of nat- 
ural waters comparing MPN and MF tech- 
niques indicate that, on avg., former gave 
higher indications of density by a factor 1.0- 
1.9 with avg. of 1.3 for the specific techniques 
used in these investigations. However, dif- 
ference is not regarded as important from 
practical viewpoint because of inherent lack 
of precision of individual MPN _ value. 
Moreover, disparity between MF and MPN 
values for most water samples tested was nut 
significantly larger than discrepancies be- 
tween results obtained with permissible vari- 
ations of std. diln. method. Considerable 
part of disparity between MF and MPN 
values may be attributed to fact that, mathe- 
matically considered, MPN tends to over- 
estimate true density; on avg. MPN values 
are greater than true density. With nearly 
all samples listed precision attained with sin- 
gle filter was found to be 2-5 times greater 
than that of 5-5-5-tube MPN. Reproduci- 
bility of MF test as measured by coeff. of 
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variation of replicate tests was found to vary 
inversely with sq. root of no. of colonies 
counted.—C A 


Delayed Incubation Membrane Filter Test 
for Coliform Bacteria in Water. FE. E 
GELDREICH ET AL. Am. J. Pub. Health, 45 
1462 (55). <A delayed-incubation coliforn 
test on membrane filters is described. This 
procedure is studied in parallel with detns 
of MPN’s of bacteria present in stored liquid 
samples, and results from both were compd 
with results from an initial 5-tube 3-diln 
MPN test. Storage of liquid samples was 
at 5°, room temp. (13-32°), and at 35° for 
periods of 24, 48, and 72 hr. MPN coliform 
counts made on liquid samples held at 5 
for periods up to 72 hr were quite variable, 
but more closely approximated initial MPN 
results than did counts from samples stored 
at 13°-32° or at 35°. Estns. of coliform 
detns. in water by use of delayed incubation 
membrane filter (MF) technique at 13°-32° 
indicate good agreement with the MPN on 
stored samples at 5° but tend to be less than 
initial MPN. MF storage results at room 
temp. and at 35° are superior to results of 
MPN procedures on liquid samples stored 
more than 24 hr at room temp. or 35°. 
Delayed-incubation coliform test is suggested 
for field application where shipment of re- 
frigerated samples cannot be made or during 
periods of natural or wartime emergency.— 


CA 


Report on the Development and Applica- 
tion of the Fluid Polariscope. K. E. Ros- 
INSON. Dept. of Civil and Municipal Eng., 
Univ. College, London (Eng.), 1954. 257 p. 
Some colloidal suspensions exhibit streaming 
double refraction at low veloc. gradients, and 
it has been suggested that they might be 
of use in investigating problems of laminar 
flow. In field of flow, birefringence is caused 
by orientation of large number of very small, 
anisometric, and opticaliy anisotropic parti- 
cles and, for any given suspension, its mag- 
nitude depends on deg. of orientation in- 
duced in conditions of flow. This is function 
of veloc. gradient, and there is therefore 
direct relation between double refraction and 
existing hydrodynamic conditions. To es- 
tablish this relation, it is necessary to know 
true distr. of veloc. and veloc. gradient, and 
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Now—one of the most com- 
prehensive catalogs ever 
published in the industry. 
Completely new from cover 
to cover. 148 pages show- 


ing the Greenberg line in 
its entirety—new items, 
new illustrations, detailed 
descriptions, specification’s ‘ 
and list prices. A must for ae 
the catalog library of every fea 
Engineer, Architect, Pur- 


chasing Agent, Pipe, Valve, 
Fitting and Plumbing Job- 
ber. Write bee your copy 
today! 


BRONZE PRODUCTS 


CREENBERC. 


San Francisco 7, California 
Offices in Principal Cities throughout United Stotes 


Manufacturers of: Underwriters Approved fire hydrants, hose valves and siamese 

connections. Fire protection hose goods; industrial, Navy and maritime bronze 

valves and fittings; plumbing and hardware brass specialties; bronze plaques, 
letters and name plates; crematory and cemetery bronze products. 


PLEASE MAIL THIS COUPON TODAY 


M. GREENBERG’S SONS * 765 FOLSOM ST. * SAN FRANCISCO 7, CALIFORNIA 
Gentlemen: Please send me « copy of your new catalog. 
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RAPID CLARIFICATION: Storms on the Wabash River can increase 
turbidity from 50 to 1500 ppm in as little as six hours... but no 
matter how much or how fast the turbidity changes, this Permutit 
Precipitator reduces it to less than 5 ppm in one fast step! 


oo 


= 
Clear water for M 
ount Carme 
| 
‘ 
C=. 
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1— despite rapid turbidity jumps 
-»-9O to 1500 ppm in 6 hours! 


GROWTH OF POPULATION and increasing odors in their settling basin - 
caused by river sewage and oil-field wastes persuaded Mount Carmel offi. a 
cials to look for a more efficient water-treatment plant. The new plant would te : 
have to deliver twice as much water. It would have to eliminate odors. And 
it would have to handle sudden spurts of high turbidity. 


HOW IT’S DONE: A suspended sludge-blanket type of equipment was in- 
dicated, and a Permutit Precipitator was installed. Now they get 2% mgpd 
of clear water in half the time it took the two old settling basins to treat 
only 1% mgpd! All with no increase in manpower. There are no more bad 
odors during treatment. Chemical costs are lower. 


FILTER SAVINGS: Two new filters were added to the existing three filters 
. . both with Permutit Monocrete® Underdrain Systems that are non- 
corrodible, low in cost, easily constructed. 


AUTOMATIC FEATURES: Mount Carmel’s Precipitator has photoelectronic 


control. The unit is automatically blown down in direct proportion to the 
flow rate and the amount of total solids precipitated. Since the controls __ 
on the three existing filters were obsolete, five new gravity filter operating 
tables were installed to control backwashing and filtering automatically! vee 
“Everything is running smoothly. We’re getting a better grade of water 

. clearer water,” reports Supt. Elmo Conrady. a 
“It’s all automatic. Mud goes right back into the river . . . eliminating the a t 

cleaning of basins,” reports Chief Operator Cedric Seaton. aT 
“It has given excellent performance since operation began,” report Warren “aj ta; ; 
& Van Praag, Inc., Consulting Engineers, Decatur, Illinois. es =f 


PERMUTIT WILL WORK WITH YOU to modernize your present plant or 5 
to plan a new one. Call us early in planning so we can be of most help. The re 
Permutit Company, Dept. JA-9, 330 West 42nd Street, New York 36, N. Y. se 


PERMUTIT’| | 


Equipment + Resins Experience 


4, 

ae 

= . 
Ag 

: 
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method and app. have been developed for 
detg. these, under any given conditions, by 
progressively modifying the Newtonian 
distrs., on the basis of double refraction 
measurements, until the known boundary 
conditions are satisfied. Suitability of vari- 

ous colloidal suspensions was investigated, 

but many were unsuitable due to poor sta- 
bility, intense ageing effects, and difficulty of 

prepn. Most satisfactory material was 
found to be California White Hector Ben- 
- tonite. Example is given of use of calibra- 
tion results obtained for bentonite for quan. 
2-dimensional anal. of flow conditions estab- 
lished by presence of simple models in chan- 

nel. Results of investigation are given in 
tables and graphs, and bibliography of 56 


Differential Bile-Salt Test at 44° for the 
Detection of Fecal Contamination of Wa- 
Z. BuczowskKa. Roczniki Panfstwo- 
wego Zakladu Hig. (Pol.), 6:185 
(English summary). Improved bact. meth- 
ods for detection of fecal contamn. in water 
were studied. Water samples obtained from 
several sources were incubated in lactose 
broth (official method) and then differen- 
tiated by confirmatory test at 44° on Endo- 
5 agar or bile-salt broth. Compn. of broth 
was bile-salt 5, lactose 10, peptone 20, NaCl 
5 g, distd. water 1000 ml, indicator soln. 
Analysis of results indicated that bile- 
sale test at 44° is of value for rapid detec- 
tion of fecal contmn. Results were obtained 
within 2 days instead of usual 5 days. Total 
error of 2.8% was insignificant in compari- 

son to total exptl. error —CA 


Oxygen Maxima in Water and the Deter- 
mination of Polarographic Purity Coef- 
ficient. Z. NovAK. Wasserwirtsch.-Wasser- 
tech. (Czech.), 5:303 (’55). Possibility of 

’ utilization of polarographic methods for rou- 
tine chem. anal. of waters is suggested. 
Technique permits polarographic detn. of 
_ purity of water and can serve as control 
instrument during water-purification process. 
Method is based on O max. in analyzed 
water after aeration and after shaking with 
active charcoal. Shaking removes contami- 
nants which inhibit O max. Results are 
reported as polarographic purity coeff. 
(Pre) corresponding to proportion between 
O max. in mm in water after aeration and 
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after treatment with 0.5 g of chemically pur 
activated charcoal—CA 


Determination of Carbon Dioxide in Wa- 
ter by Conductivity Measurements. C. A 
Nott & J. W. Potsky. Tappi, 39:51 (’56) 
Method is described for detn. of COz whic 

is applicable to anal. of waterside deposit 

treatment chems., and org. C in HO 
CO: is absorbed in Ba(OH)s. soln., an 

decrease in cond. caused by pptn. of BaCC 

is measured. This decrease is proportionz 

to COz absorbed. COz content of solid sam 

ple is calcd. as follows: 1 micromho sp. con 

ductance difference = 0.0756 mg COs at 25' 

App. used is described with help of sketct 

and details of procedure are given—CA 


Biochemical Oxygen Demand Test: A 
Note on Variable Results From the Use 
of Stored Standard Dilution Water. A. FE 
WHEATLAND & R. G. SmitH. Analy: 
(Br.), 80:899 (’55). Use of std. diln. wate 
in detn. of BOD has been recommended b 
the APHA (1955), and expts. here de 
scribed indicate that water may be store 
for short time provided glass vessels hav 
been cleaned with chromic acid and thor 
oughly rinsed with water. Fairly commo 
practice of repeatedly topping up stock c 
std. diln. water, however, should be avoide 
as it may lead to unreproducible and perhap 
misleading results. When nitrification oc 
curs in blanks but not in dilns. of sampl 
erroneous low values may be obtainec 
When nitrification is complete in blanks a 
beginning of test but occurs in samples dur 
ing incubation, very high BOD values wi 
be obtained —CA 


Flame-Photometric Determination of Dis- 
solved Solids in Water. G. E. Marsu 
Appl. Spectroscopy, 10:8-10 (’56). Flam 
photometer has been successfully applied t 
direct detn. of 30-45 ppm Ca, 5-16 ppm Msg 
5-20 ppm Na, and 1-2 ppm Fe in wate: 
Because Fe and Mg detns. are affected b 
presence of Ca and Na, calibration stds. wer 
prepd. to contain different amts. of 1 io 
in presence of fixed amts. of other 3. Base 
on repetitive anals. of 3 synthetic and 3 nat 
ural samples, repeatability is about 0.1 ppr 
when oxyacetylene flame is used. No sam 
ple prepn. is needed and complete anal. take 
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WY J HERE frequent operation is required ... especially in 
inaccessible locations . . . Darling cylinder-operated 
gate valves save time on each cycle of operation. The valve 
may be operated by air, oil or water. Movement is precise 
and completely controllable. Action can be either manual or 
automatic. Control can be either local or remote or both. 


Darling's double disc gate valve principle assures tighter 
closing and longer, service-free life. The fully revolving dises 
have a wiping action that keeps seat faces clean. The discs 
seat in a different position with each cycle so that wear is 
evenly distributed. Available in a broad range of sizes and 
materials. Write for complete details. 


Manufactured in Canada by Sandilands Valye Manufacturing Co., Lid., Galt 19, Ontarse 
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DARLING VALVE & MANUFACTURING CO. 


The first line of offense in public 
relations has always been the meter 
- reader—and, as the best offense has 


a rather bad time of it. Particularly 
of late, the infinite patience and tough 
_ skin of these meeters of the public seem 
to have been put to frequent test. 
And, as usual, it has been man’s best 
friend that has been the meterman’s 
worst enemy. Last year, the Post 
_ Office Department reports, 5,880 letter 
carriers were bitten by dogs in deliv- 
ering mail to the 17,000,000 dog-own- 
ing families in the US. Imagine, then, 
show many meter readers—who usually 
- must penetrate to the basement of the 
homes on their routes—must have 
cushioned a canine’s canines. And, 
_ whereas mailmen have decided to make 


Vol. 48, No. 
bad-dog owners come to the post offic 
to pick up their mail, the counterpar 
would hardly be practical for the wate 
utility. Little wonder, then, that me 
ter readers have been willing to con 
sider almost anything—short of vio 
lence, of course—to protect themselves 
chemical repellants on their clothing 
padded pants and shin guards, memo 
rizing the names and habits of the dogs 
on their routes, using BIG escort dogs 
and now, finally, offering dog candy to 
pacify their tormentors (see May P&I 
p. 98). Of course, none of these meth 
ods has worked—even the dog cand: 
technique having flopped quickly whet 
it was found that friendly dogs lov 
it and vicious ones still prefer meat 
Realizing that it will take some tim 
to perfect an electronic meter that cat 
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Depend on Cyanamid’s ALUM 


§ good reasons 


. It feeds uniformly, without trouble, in solid or liquid form. 
. It has a wide pH range for effective coagulation. 


. It forms floc rapidly. 


. It gives maximum adsorption of suspended and colloidal impurities. 
. It causes minimum corrosion of feeding equipment. 
. It is available in granular form or in the new easy-to-use liquid form. 


For acopy of ‘‘Alum—Commercial Aluminum Sulfate,’’ please send us your name and 
titleon company stationery—and would you also mention where you saw this offer? 


AMERICAN CYANAMID COMPANY 


Heavy Chemicals Department 
30 Rockefeller Plaza, New York 20, N.Y. 


in Canada: North American Cyanamid Limited, Toronto & Montreal 
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CITY OF BEREA, OHIO 


cuts costs 


+; New Cochrame SOLIDS-CONTACT REACTOR 
| combines 


_ mixing, precipitation, sludge concentration, clarification & softening 


The relatively hard, turbid Rocky River 
supply for the city of Berea, Ohio, is 
quickly reduced in hardness to approxi- 
mately 3.5 gr/gal and to a turbidity of 
less than 10 ppm by the Cochrane Solids- 
Contact Reactor shown above. An exist- 
ing concrete basin 28’ square x 15’ deep 
was modernized by conversion to the 
Solids-Contact type. Using hydrated 
lime, soda ash and alum, the Reactor 
treats over 2,000,000 gpd at surprisingly 
low cost. 

Because the design of the Cochrane 
Reactor provides higher quality treated 
water faster, in less space, with minimum 


ochrane 
Cochran 
3124 N. 17TH STREET, PHILADELPHIA 32, PA 
NEW YORK ¢ PHILADELPHIA ¢ CHICAGO 
Representatives in 30 principal cities in U.S.; Toronto, 
Canada; Paris, France; Mexico City, Mexico; La Spezia, 


italy; Havana, Cuba; Caracos, Venezvela; San Juan, 
Puerto Rico; Honolulu, Hawaii; Malmo, Sweden; Santiago, 


Chile. Pottstown Metal Products Division—Custom bu 


corbon steel and alloy products. 


Demineralizers + Hot Process Softeners + Hot Zeolite Softeners + Dealkalizers «+ Reactors 
Condensate Return Systems + 


Decerators + Continuous Blowoff 


chemicals, their use has grown tremen- 
dously for municipal applications. High 
slurry strength in the reaction zone 
speeds precipitation—there is very little 
waste water. Automatic desludging saves 
time and labor. In addition to softening 
and clarification, Cochrane Reactors re- 
move color, taste, odor; reduce alkalin- 
ity, silica, fluorides, etc. 

Cochrane’s background in water con- 
ditioning makes possible the installation 
of complete systems under a single re- 
sponsibility for continued, consistent 
performance. Write for Publication 
5001-A and case history reprints. 


Specialties - 


Cochrane also manufactures circular reactors a 
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be read from the home office and that 
installing meters at the curb, even for 
only the bad-dog customers, will be 
costly, we can only suggest experimen- 
tation now with a portable hydrant. A 
balsa wood model would be light, rea- 
sonably inexpensive, and, as demon- 
strated in the voyage of the Kon-Ttki, 
relatively resistant to waterlogging. 
As if dogs themselves weren’t enough 
trouble, though, their coteries now 
seem to be getting into the act. Thus, 
an Indianapolis Water Co. meter 
reader got in trouble with his part of 
the public by acting as a flea carrier, 
picking up his biter biters at one house 
and parceling them out along the way. 
The description that appeared in the 
company’s house organ convinced us 
that Indiana fleas must be considerably 


(Continued on page 94 P&R) 


NEW WACHS 


PORTABLE POWER SAW 
FASTER—SAFER—ACCURATE! 
Cuts 2”, 4”, 6” & 8” 

Cast Iron and Steel Pipe 
WACHS GUILLOTINE SAW FACTS— 

@ Cuts Fast @ Height 28” 
@ Cuts Clean @ Width 22%” 
@ Cuts Square @ Depth 12” 

@ Set up time, less than one minute 
@ Power—electric or air motor 
@ Weight 105 pounds 

For further information write to: 


THE E. H. WACHS COMPANY 
1525 N. Dayton Street + Chicago 22, Illinois 


larger than the varieties that we've 
been privileged to watch perform, but 
that apparently made it possible to 
round them up quickly enough to limit 
the customers’ wrath. 

What with other pets that peck and 
scratch, what with garrulous and 
grumpy housewives, what with wet 
paint and newly washed floors, what 
with meter hiders and cobwebby, sooty 
corners, it is a dog’s life a meter reader 
leads and his worst offense rates a 
good defense. 


Rudolph A. Schatzel, of Rome 
Cable Corp., Rome, N.Y., has been 
installed as president of ASTM. The 
new vice-president is Kenneth B. 
Woods, of Purdue University, Lafay- 


ette, Ind. 


BELL JOINT 
LEAK CLAMPS 
GASKET SEALER 

COMPOUND 
C-1-60 CAST 

IRON BOLTS 


Carson glands and bolts 
made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 
compression of rubber gasket. 


Write for information 


H. Y. CARSON COMPANY 
1221 Pinsen St. Birmingham, Ala. 
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| i Three Valve Ends Available in 


CRANE’s New AWWA Valve Line 


All Crane branches and Crane wholesalers can supply you with 
Crane AWWA valves—sizes 2” to 12”—with hub, flanged or 
mechanical joint ends. 

These valves are made to the new Crane design—with a 
simple, free-to-rotate disc assembly that prevents concen- 
trated wear on seating surfaces . . . simplified wedging action 
that assures positive seating ...and disc flange guides that 
hold entire disc assembly in close alignment for maximum 
operating efficiency and minimum wear. 

If you are planning installations of new mains and dis- 
tribution lines, or replacements and repairs of old systems, 
order your Crane AWWA Gate Valves now. To help in your 
selection, send for specifications circular AD-2108 today. ae 


4 


RAN E VALVES & 


PIPE KITCHENS PLUMBING HEATING 


Since 1855— Crane Co., General Offices: Chicago 5, Ill. 
Branches and Wholesalers Serving All Areas 
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Mountain climbing proved to be 
the solution for Caracas, Venezuela’s 
problem of meeting the water demands 
of its fast growing population, which 
has tripled in 15 years and now ex- 
ceeds 1,000,000. A 17-mile pipeline 
(photo at left) carries a supply from 
the Tuy River over Guayabo Moun- 
tain to the city’s Mariposa Reservoir. 
The pipeline, which crosses 128 bridges 
and passes through two tunnels, varies 
in elevation from 433 to 3,470 ft above 
sea level and requires four pumping 
stations to service it. The water treat- 
ment plant at Mariposa (photo be- 
low) is being quadrupled in capacity, 
to handle the increased supply now 
available. 
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“C'mon in — 
the water’ s 


Scenes like this Florida installation of 36” American Cast Iron Pipe 
are typical of the tremendous growth of modern water systems. 

This growth is the result of ever-increasing population and indus- 
trial growth .. . growth that will continue. 

More and more installations are being planned with future growth 
and service in view ... and more and more American Cast Iron Pipe 
is specified. 

There are two major reasons for this choice: greater economy and 
greater dependability. Time has proven that cast iron pipe serves for 
centuries, and over the longer performance period, annual costs are 
unquestionably lower. 

Join the progressive water menwho are planning and building for 
better service, for greatereconomy. Specify American Cast Iron Pipe. 
C’mon in the water’s fine! its 


SALES OFFICES 


New Chicago+ Dallas+ Kansas City Minneapolis Pittsburgh 
San Francisco + Los Angeles Orlando « Houston+ Denver Cleveland 


— 
* 
American Castiron ipe 
ee 
@ 
BIRMINGHAM 2, ALABAMA | 
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John R. Hartley, vice-president and 
manager of product sales for B-I-F 
Industries, Inc., has been promoted to 
general manager of the company’s 
Builders-Providence Div. 


Harry N. Lowe Jr., chief of the 
San. Eng. Branch, US Army Corps of 
Engineers’ Research & Development 
Labs., Fort Belvoir, Va., has been 
awarded the Wheeler Medal by the 
Society of American Military Engi- 
neers for his work on an improved 
suspended-solids contact clarifier. 


Ludlow Valve Mfg. Co. announces 
the appointment of Forbes Meston as 
comptroller and David D. Ackerman 
as director of personnel. Mr. Meston 
was previously with Ruberoid Co., 


Bound Brook, N.J., while Mr. Acker- 
man had been sales manager of Lud- 
low’s New York office. 


Carl B. Johnston has joined Pom- 
eroy & Assocs., Cons. & Chem. Engrs., 
Pasadena, Calif. He was formerly 
staff engineer for the Los Angeles Re- 
gional Water Pollution Control Board. 


Richard A. Ball has been advanced 
from production engineer to sales en- 
gineer by Smith-Blair, Inc. His head- 
quarters will be at the firm’s South 
Gate, Calif., branch. 


Russell L. Sylvester, formerly with 
New York Air Brake Co., has joined 
Rockwell Mfg. Co. as chief engineer of 
its Central Valve Research & Devel 
opment Dept. in Pittsburgh. — 


(Continued on page 98 P&R) 


SOFTENER 
2 FILTES 


HUNGERFORD & TERRY, INC. 


CLAYTON 5S, N. 3. 


THE H&T 
POPPET TYPE 
MULTIPORT 
VALVE 


A masterpiece of work- 

manship and operating 

simplicity. Your choice of 
manval, semi-avtomatic, 
or fully automatic. 


SERVICE — many millions of 

gallons of water are treated 
daily by equipment using 
the H&T poppet valve. Over 
1,000 are now in use and the 
number is rapidly increasing. 
Many of the original valves are 
now in use for over 10 years. 


MODERNIZING OLD 

SOFTENERS AND FILTERS — 
If your equipment is too good 
to discard, yet too old to be 
efficient or too complicated to 
operate and control, these units 
can very often be equipped 
with H&T poppet type multi- 
port valves — and be made 
into attractive and efficient 
water treating units. 


Write for free information bulletin 
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aie well field control systems 
SAVE SUPERVISORY HOURS @ MINIMIZE POWER 
FAILURE DOWNTIME os ASSURE EMERGENCY 
WATER @ ENABLE ACCURATE PROGRAMMING 
. . . with FULL FLEXIBILITY for expansion. 


Sparton multi- 
channel scanning 
system ties one to 

25 wells to 
treatment plant, 
eliminates restart 
delays, minimizes 
downtime due to 

storm induced 

failures, assures 
emergency water. 


| 


Your solu delays, 
and lost supervisory time— dependable Sparton 
well field controls — proven on the storm-driven 
plains, in river floodlands, under heavy municipal 
load. For reliable centralized supervision, these 
systems employ trouble-free d.c. telegraphy and/or 
tone techniques over conventional transmission or 
telephone line. They're tailored to your exact needs, 
yet offer installation economies through use of 
standard, pre-engineered control modules. 


SPARTON CONTROL SYSTEMS DIVISION 
The Sparks-Withington Company 


() Jackson, Michigan 
Spi rf Please send control brochure 


Have representative call 


Company 
Address. 
City ___Zone___State 
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Citations for outstanding operation 
have been awarded to six of Florida’s 
more than 300 water plants by the 
State Board of Health’s Bureau of San. 
Eng., David B. Lee, director. The 
recipients, and the categories in which 
they were cited, are: John S. Whitney, 
superintendent, Community Utilities 
Corp., West Coral Way Subdiv., 
Miami (primary treatment, under 10,- 
000 population) ; Thomas Paul, chem- 
ist and chief operator, Bradenton (fil- 
tration, 10,000-—25,000) ; Miss Eleanor 
A. Flanigan, technician, West Palm 
Beach (filtration, over 25,000) ; Eldon 
L. Holoubek, operator, US Sugar 
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Corp. water plant, Clewiston (filtra- 
tion, under 10,000); John B. Sellers, 
superintendent, Vero Beach (lime-soda 
softening, under 10,000) ; and Clarence 
R. Henry, chief chemist, Dept. of Wa- 
ter & Sewers, Miami, and W. L. Black, 
superintendent, Hialeah Water Plant 
(lime-soda softening, over 25,000— 
joint citation). 


S. Morgan Smith Co., York, Pa., 
announces the creation of a Valve Div. 
to handle all its valve manufacturing 
and marketing operations. Carl J. 
Wilcox, manager of valve sales, heads 
the new division. 


Florida citer and citees: Front row, left to right—Henry, Miami; 


Miss Flanigan, West Palm Beach; Director Lee. 
ers, Vero Beach; Holoubek, Clewiston; Whitney, West Coral 


_ Way; Paul, Bradenton. 


Rear row—Sell- 
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LIQUID CHLORINE. 


STANDARD CONTAINERS 


OULUTH 
MANDAN t 
BISMARCK 


MINNEAPOLIS 


OES MOINES 


SI Louis > 


SPRINGFIE 


* JOPLIN 


. 
AMARILLO OKLAHOMA CiTy 
. 


LUBBOCK = 
~ ENVER FT. WORTH | 


MIDLAND 


SAN ‘ANGELO to you — 


* AUSTIN 


direct 


AN ANTONIO 


anywhere 


on the map! 


An increase in our Wichita plant capacity to 225 tons of 


chlorine per day further guarantees quick deliveries to you 


our own truck fleet . . . at minimum transportation 


charges. You'll like Frontier’s fast, friendly service. 


FRONTIER CHEMICAL COMPANY 


DIVISION OF UNION CHEMICAL & MATERIALS CORP. 
Leith 


P&R 99 
via Frontier’s own 
ci 
fast trucks —from 
DENVER CITY, TEXAS 
«EXECUTIVE OFFICES: WICHITA, KANSAS PLANTS: WICHITA, KANSAS DENVER. CITY. TEXAS 
‘Mie 29 
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system of water main 


trouble is not critical, 


arrives. 


A CALL IS ALL! 


Chestnut 1-289! Kansas 


ACE PIPE CLEANING. Inc.®" 
GENERAL OFFICE: 3513 EAST 18th ST., KANSAS CITY, MO. 


PHONE CHestnut 1-289) 


A trickle or a gusher? ts 
Ace bets it's a gusher 
(maximum free-flow 
through your water sys. 
tem.) If you’re not 
joying this healthy con- ; 
dition, call an ACE-man 
to give you the facts 
on ACE’s new power- 


cleaning. Even though | 


call now may save 
you important time and 
money when that day 


Softeners, supplied as package units 
| with prefabricated piping, are described 
| in a 4-page bulletin, No. MSP-123, avail- 
able from Hagan Corp., 323—4th Ave., 
Pittsburgh 30, Pa. 


Steel pipe—its history, manufacture, 
installation, protection, and advantages— 
is the subject of a 32-page illustrated 
brochure, “Wherever Water Flows Steel 
Pipes It Best,” issued by Steel Plate 
Fabricators Assn. The booklet, which 
includes a section on Specifications and a 
bibliography of steel Pipe literature, is 
available from the association at 79 W. 
Monroe St., Chicago 3, IIl. 


Controlling water weeds is the sub- 
ject of a revised bibliography prepared by 
the Research Div. of Chipman Chemical 
Co. The 22-page brochure, titled “List 


| Of References on Control of Aquatic 


Plants, Including Algae,” lists more than 
300 recent papers and texts on the sub- 
ject of aquatic weed control. Available 
from the same company is a 34-page book- 
let, “You Can't Argue With Weeds,” 
which includes sections on agricultural 
weeds, turf weeds, and woody plants. 
Both brochures can be- obtained from the 
company at Bound Brook, N.J. 


Safe handling and storage of chlorine 
is covered in an illustrated wall chart 
(17 X 23 in.) available from Diamond 
Alkali Co., 300 Union Commerce Blidg., 
Cleveland 14, Ohio. 


‘Accelator’ treatment units, produced 
by Infileo Inc., are described in a 28- 
page bulletin (No. 1825), recently re- 
vised, which can be obtained from the 


| company, at Tucson, Ariz. 


(Continued on page 102 P&R) 


* 
| 
ame 


There's no dodging the question today. High costs 
and low budgets demand straight answers. The installation 
of water conditioning equipment is an important step that 
merits the careful consideration of every factor involved. Modern 
General Filter water conditioning installations are designed with a 
practical eye on original equipment and installation costs. Equally 
important, however, is the extent of continuing service available from the 
company with which you are dealing. General Filter's staff of highly 
trained engineers and chemists are at your call on a moment's notice. 
General Filter’s 40 branches are located across the country to give you’ 
prompt dependable service. Make your own comparisons and 
you will join the hundreds of General Filter water-treatment plants+hat 
are enjoying lower first cost—lower operating costs—lower maintenance costs. 


SERVICES EQUIPMENT 
INCLUDE INCLUDES 


Removal of Flash Mixers and 
Flocculators 
Upfiow Sludge Clarifiers 


Swimming Pool Filters 
Rapid Sand Filters 


General \\ Filter Company 


AMES, 


4 
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il 
Diatomite Filters 
44 
: ‘ Flow Indicators and 
INDUSTRIAL WASTE High Capacity Resinous 
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General-service pumps — double-suc- 
tion, single-stage—are described in a 


ast 


9-page catalog, No. A-156, issued by 
* Economy Pump Div., C. H. Wheeler 
Mfg. Co., 19th & Lehigh, i i 


Philadelphia 


i Multiple V-belt drives, their origin, 


development, and uses, are the subject of 
now offered by an illustrated 36-page brochure (Bul. 


tes! 20E8297) which includes eight pages of 
DU PONT 238 engineering tables and data, issued by 
« Allis-Chalmers Mfg. Co. Requests should 
Interesting, challenging, : be addressed to the company at 1026 S. 
professional work assignments. it 70th St., Milwaukee, Wis. 
Long-range company programs i Glass pipe and fittings for laboratory 

t or pilot plant use—including metal-to- 
glass couplings and spigot-type high-pres- 
sure glass stopcocks—are described in a 
2-page brochure, No. 80-10, issued by 
Fischer & Porter Co., 683 Jacksonville 
Rd., Hatboro, Pa. 


Promotion-from-within 
policy assuring opportunities 
for advancement. 


Varied technical and 
administrative training 
programs. 


IMMEDIATE OPENINGS FOR: 
Sanitation Designers 


Johns-Manville announces the pub- 
lication of two new booklets: “Transite 
Pressure Pipe Installation Guide,” a 
pocket-sized, 108-page illustrated manual 
which provides detailed instructions for 
every step in the handling of “Transite” 
asbestos-cement pipe, from receiving the 
pipe at the job to testing finished installa- 
tions; and a 20-page catalog (No. 171A) 
describing the composition, physical and 
thermal properties, and sizes of vari- 
ous insulations and refractory products. 

Mr. T. J. Donovan Copies are available on request from 
Engineering Department Johns-Manville, 22 E. 40th St. New 


York 16, N.Y. 


Apply today for a position that 
will allow you to realize your full 
potential as a designer. Your work 
will be in a wide range of increas- 
ingly important fields. 


Please send complete resume, in- 
cluding details of education and 
experience, to: 


ES 


Meter testing is the subject of a 44- 
page manual, “Testing Water Meters,” 
issued in a revised edition by Ford Meter 
Box Co. The booklet contains discus- 
sions on the selection, testing, mainte- 
nance, and repair of meters; current 
standard specifications; and a_bibliog- 
raphy of articles on water meter testing 
and maintenance. Copies may be ob- 
tained from the company at Wabash, Ind. 


Better Things for Better Living 


-- through Chemistry 


E. |. du Pont de Nemours & Co., Inc. 
Wilmington 98, Delaware 4 
«phe 


St 


Hite, 


4 
byt 7) 
~ 
4 
tm: 
 & 
— 
> 
7 
he 


Sep.1956 


cars, repacked in smaller containers selected to m 


Save storage space and 


Get fast delivery on many chlorine 
products in whatever container 
best fits your needs. 

Stop the cost and nuisance of storing 
huge amounts of Chlorine. Buy only 
what you need—whether it’s several 
carloads, just part of one tank car, or 
as little as 16 lbs.! 

You can get less-than-carload ship- 
ments of Chlorine from John Wiley 
Jones. And you get them quickly, be- 
cause Jones has six distribution centers 
Finan in important locations around 
the country. 


Eliminates searching 

You save searching time, too, because 
you have a single convenient and de- 
pendable source for all your Chlorine 
products: liquid Chlorine. Calcium Hy- 


AT EACH of the six Jones Company plants, Chlorine is received in tank 


on your next CHLORINE purchase! 


eet the customer's needs. 


shipping time 


pochlorite, and Sodium Hypochlorite. 
Cylinders, tins, drums, carboys, and 
ton-tanks—Jones delivers in any type 
of container you require. This gives 
you complete protection against sud- 
den emergency needs for Chlorine. 


Top quality 

Jones Chlorine is quality controlled to 
meet high government standards. Mu- 
nicipalities, public utilities and indus- 
trial users have relied on Jones Chlo- 
rine for a quarter of a century. 


Dependable 

Our trained technical staff will be 
glad to help you solve your Chlorine 
problem. Write for prices. 


LIQUID CHLORINE 
In 16-, 105-, 150-Ib. cylinders and 1-ton 
tanks. 


CALCIUM HYPOCHLORITE 
(70% available Chlorine) In 3%- and 
5-lb. tins, 100-Ib. drums. 


SODIUM HYPOCHLORITE 
In gallons, carboys. Tankwagon deliveries 
in 1000-3000 gal. lots. 


JOHN WILEY 
84,79, 4 (indianapolis), Ind. 


1904 Border Ave. 
Torrance, Calif. 
Tele—Fairfox 8-6383 


JONES CO. 


2365 Dennis St. 14400 N.E. 20th Lane 
Jacksonville, Fla. North Miami, Fia. 
Tele—Eigin 4-5503 Tele—North Dade 6-6288 
6-3321 or Dial 81-6-6288 
Tele—6-7790 
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NEW MEMBERS 


Applications received Jul. 1-31, 1956 | 


Anderson, C. Harvey, Chemicals, 
Irving Auelke Bldg., Appleton, 
Wis. (Jul. ’56) P 

Aubin, Herve, City Engr., Giffard, 

Ave. Royale, Quebec 5, Que. 
56) 
Frederick W., 
Bangor Water Co., 34 S. 
Bangor, Pa. (Jul. ’56) M 

Behmer, Harry L., Supt. of —_ 
ties, Portland, Ind. jul. 56) M 

Blake, Harold, Mgr., Penns Grove 
Water Supply Co., 76 E. Main 
St., Penns Grove, N.J. (Jul. ’56) 
M 


Blankenship, William, Sales 
Repr., Johns-Manville Sales Corp., 
Pipe Div., 402 Terminal Bldg., 
Charleston, W.Va. (Jul. ’56) D 

Blumberg, V. Q., Sales, Batesville 
White Lime Co., Batesville, Ark. 
(Jul. P 

Blume, Otto H. W., 
Sewers Supt., 237 W. Common- 
wealth, Fullerton, Calif. (Jul. 56) 
MD 

Brandt, 
Inspector, 
56) 


Public Works 
Calif. (Jul. 


Brodie, Earl D., Vice-Pres., Ralph 
N. Brodie Co., Alvarado & > 
137th Ave., San Leandro, Calif. 
(Jul. ’56) 

Bruce, Robert 
East Lansing, Mich. Gul. 

Burry, Charles James, Engr., 
James F. MacLaren Assocs., 321 
Bloor St. E., Toronto 5, Ont. (Jul. 
56) PD 

Burt, Burke, Box 493, Tucumcari, 
N.M. (Jul. ’56) 

Camacho, Francisco G., Graduate 
Student, School of Public Health 
& San. Eng., Univ. of Minnesota, 
Minneapolis, Minn. (Jr. M. Jul. 


Cedar Falls, City of, E. L. Cum- 
119 W. 3rd St., Cedar 


mins, Supt., 
Falls, Iowa (Corp. M. Jul. °56) 
MRD 


Lowell D., 
La Verne, 


M., Engr., 
56) MD 


Cruickshank, Douglas S8., City 
Engr., City Hall, Hayward, Calif. 
(Jul. ’°56) RD 

Cummins, E. L.; see Cedar Falls 
(Iowa) 

Cundall, William, Sales Mgr., Em- 
pire Brass Mfg. Co. Ltd., 37 Dart- 
nell Ave., Toronto, Ont. (Jul. ’56) 

De Courcy, Donald M. (Mrs.), 
Comr. of Finance, 113 Courthouse, 
St. Paul, Minn. (Jul. °56) M 


Water & | 


NEW MEMBERS 


Village 
Box 217, 
RPD 


Engr., Box 


Deich, Herman, Supt., 
County Water Dist., 


Crestline, Calif. (Jul. 


Doby, Troy Alvin, 
2478, Raleigh, N.C. (Jul. ’56) P 

Dodson, L. B., Supt., Campbell 
County Water Dist., 608 S. Fort 
Thomas Ave., Fort Thomas, Ky. 
(Jul. M 

Doxsey, Arnold S., Mech. Engr., 
American Water Works Service Co., 
Inc., 3 Penn Center Plaza, Phila- 
delphia 2, Pa. (Jul. ’56) 

Dysert, William; see 
(Ind.) Water Plant 

Elton, Earl W., i 
Olympia, Wash. 

England, Delos H.; see 
Mathieson Chemical Corp. 

Fam, Michael Yue-Onn, Chief De- 
sign Engr., Hume Industries (F. 
E.) Ltd., Box 297, Singapore (Jul. 
D 

Freeman, Roy W., Mech. Engr., 
Ward K. Stallings Co., 3120 Maple 

v.E., Atlanta 5, Ga. (Jul. 


Warren 
Engr., 
M 


Olin 


Grady, Walter H., Sales Engr., 
Turbine Co., 63 Vese 
St., New York 7, N.Y. (Jul. ’56 


Grover, Basil William, Asst. Gen. 
Mer., Public Utilities Com., 272 
Dundas St., London, Ont. (Jul. 
MRD 

Hansen, Joseph John, 
Beach Haven Water Works, 
Bay St., Barnegat, N.J. (Jul. 
MPD 

Harcourt, Ben B., Foreman, Water 
Plant, Rifle, Colo. (Jul. 56) MPD 

Hazen, Edwin F., Supt. of Water, 
36500 Lake Shore Blvd., Eastlake, 
Ohio (Jul. ’56) MD 

Hendrickson, John Delward, 
Engr. Trainee, Mead & Hunt, Inc., 
2320 University Ave., Madison, 
Wis. (Jr. M. Jul. 56) MR 

Hincapie Segura, Alfredo, In- 
geniero Asesor Tecnico, Departa- 
mento Munic. de Agua Potable, 
Guayaquil, Ecuador (Jul. ’56) P 

Hopper, George Keith, Partner, 
Duncan Hopper & Assocs., 1593 
— Ave., Downsview, Ont. (Jul. 
’ 6) 

Kaplan, Bernard, Dist. Chief Pub- 
lic Health Engr., State Dept. of 
Health, 53 Lovett Ave., Little 
Silver, N.J. (Jul. ’56) RPD 

Karstens, August F., Asst. Supt., 
Water Dept., 405 S. Gilbert Ave., 
La Grange, Ill. (Jul. ’56) 

Kearns, John T., San. Engr., 
American Water Works Service Co., 
3 Penn Center Plaza, Philadel- 
phia 2, Pa. (Jul. 56) RP 

Keesling, Homer Grant, Utilities 
Coordinator, State Office of Civil 
Defense, Box 110, Sacramento 1, 
Calif. (Jul. D 

Kerr, Samuel E., Div. 
troller, American Water 
Service Co., Inc., 144 N. 
Richmond, Ind. (Jul. ’56) 

Koenig, Louis, Research, 2500 W. 
Woodlawn, San Antonio, Tex. (Jul. 
R 


(Continued on page 106 P&R) 


Supt., 
25 W. 
56) 


Comp- 
Wor 
10th St., 


| 
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Kutilek, Leonard A., Supt., Illi- 
nois Munic. Water Co., 1201 Bur- 
ons Ave., Lisle, Ill. (Jul. ’56) 


Lindorf, Marvin Robert, Student, 
Univ. of Calif., Berkeley 4, Calif. 
(Jr. M. Jul. ’56) R 

Loeffel, Victor C., Sales Engr., 
Johns-Manville Sales Corp., 
Div., 2714 Market St., Y 
town 7, Ohio (Jul. 756) ’D 

Logan, Carl, Corporation 
Empire Brass Co. L 
St. E., London, Ont. Gul. 

Lott, Raymond Allen, Water Su- 
pervisor, Atlantic Phila Co., 
agg Passy unk Ave. elphia, 

Pa. (Jul. MRPD 

Lowes, George H., Chief Engr., 
Water Treatment & Filtration 
Plant, 5140 E. River Rd., Hamil- 
ton, Ohio (Jul. ’56) MP 

Lyon, Marvin M., Supt., Water 
Dept., Box 611, Eureka, Kan. (Jul. 
56) 

MacLennan, R. S., E 
Powell & Assocs. Ltd., 

St. E., North Bay, Ont. (Jul. ’56) 

Maurer, Robert Herman, Process 
Engr., Sec. Leader in Charge of 


Sales, 
das 


Utilities, Celanese Corp. of Amer 
ica, Box 428, Bishop, Tex. (Ju 
56) P 


McLean, Murray D., Partner 
Northland Eng., 643 Cassells St 
North Bay, Ont. (Jul. ’56) 

Moody, Robert L., Pres., Culliga 
Soft Water Service of Inglewoo 
Inc., 516 W. Manchester Blvd 
Inglewood, Calif. (Jul. ’56) P 

Nightingale, Lawrence, Direct« 
of Public Works, 109 N. Main St 
Hartford, Wis. (Jul. 56) M 

Nunnenkamp, Lleyd Willian 
Meter Supervisor, Southern Cal 
aes Water Co., 9610 S. Wa 

, Los Angeles 3, Calif. (Jul. ’56 


O’Connell, Conrad William, Ge 
Megr., Onandaga County Wate 
Authority, Box 1004, Syracuse 
N.Y. (Jul. ’56) MR 

Olin Mathieson Chemical Corp 
Delos H. England, Water Work 
Supt., East Alton, Ill. (Corp. M 
Jul. °56) RP 

Pace, John P., 
& Water 

Neb. (Jul. 

Paigthorp, Robert Eugene, Grac 
uate Student, San. Eng., Orego 
State College, Corvallis, Ore. (Ju 
MRP 

Patino, Manuel Virgilio, 
Rader & Assocs., 111 Na 

(Jul. 


Ave., Miami 32, Fla. 
MRD 

Patterson, J. D.; see Patterso 
City (Calif) Water Co. 

Patterson City Water Co., J. D 
Patterson, Pres., Plaza 
246, ee. Calif. (Corp. M 
Jul. M 

Pfeiffer, William _— Sales En 
Calgon Inc., 107 W. 12th St 
Little Rock, Ark. (Jul. ’56) Ri 
Podell, Zigmund John, Wate 
Control, Feur Treatment Plant 

Utilities, Guam (Ju 


Supt. of Utilitie 
Dept., Fairbury 


Engr 
56 


SHI Pp 
= aL 
11|2/018) 
4 
AS AT 


Sep. 1956 a a JOURNAL AWWA 


In early July, SMS Plant #3 in Philadelphia began work on these orders. 
Castings for the valve bodics are shown here in storage prior to machining. 


295 R-S BUTTERFLY VALVES IN 
$2,000,000 ORDER FOR PHILADELPHIA 
FILTRATION PLANTS 


Two large valve orders, totaling some $2,000,000, were recently 
awarded to S. Morgan Smith and The A. P. Smith Manufacturing Co., 
of East Orange, N. J. These companies bid the valves for two 
Philadelphia municipal filtration plants, Queen Lane and 

Torresdale, as a joint venture. 


A total of 295 R-S Rubber-Seated, A.W.W.A. standard Butterfly Valves, 

in sizes from 24 inches to 60 inches, and 632 gate valves, from 

3 inches to 42 inches diameter, are now being built by the two companies. __ Py 
The Queen Lane valves were purchased and will be installed by ‘sty 
Roberts Filter Company and Huffman Wolfe Company, 

and the Torresdale valves by Ambrose-Augusterfer Company. of: 


You can obtain full information on the complete SMS valve line — Rotovalves, 
Ball Valves and Butterfly Valves for all water works applications 

— by contacting our local representative or writing 

to S. Morgan Smith Company, York, Penna. 


Qe — 
; 
4 
MORGAN SMITH — 
RRs 
AFFILIATE: S. MORGAN SMITH, CANADA. LIMITED, TORONTO 


Hall, Newport 
56) D 


Quraishi, 


MRP 


(Jul. ’°56) M 


California 
Diemer, R. B. 
Laughlin, A. 
Philips, E. A. 
Phillips, E. E. 
Washington, D. R. 
Weight, W. O. 
Canadian 

Berry, A. E. (3) 
Fontaine, Leopold 
Oberton, A. C. E. 
Smith, F. G. (4) 
Chesapeake 
Schroepfer, G. J. 
Florida 

Drew, S. T. 
Illinois 

Dietz, J. C 

Krause, J. W. (2) 


Rosecky, John E., 
Carl C. Crane, Inc., 2702 Monroe 
St., Madison 5, Wis. (Jul. 

Royalty, John T., Mgr., Munic. 
Water & Sewer Com., Shelbyville, 


Aide, Water Works Com. 
News, 


Moinuddin, 

Graduate Student, San. Eng., Univ. 

of Ill., Urbana, Ill. (Jr. 

D 

Radmer, Norbert W., 
Badger Meter Mfg. Co 
45, Wis. (Jul. 

Reichardt, Edwin W., 
tion Engr., Gisholt Machine, 
E. Washington Ave., Madison, Wis. 


MR 


Secy.-Treas., 


Lubrica- 


56) D 


NEW MEMBERS 


(Continued from page 104 P&R) 


Powers, James Edward, Engr. | Russell, Robert A., Gen. Mer., 
| Crest Public Utility Dist., 1809 Mfg. 
El Cajon, Calif. 


City 


(Jul. Suncrest Blvd., 
M 


(Jul. 


Price, S.; see Prince Albert (Sask.) 
Prince Albert, City of, S. Price, Shesp, Walter ©.; 
Operator, Water Treatment Plant, 
Prince Albert, Sask. (Munic. Sv. 
Sub. Jul. ’56) MP 
Gulam 


Water Co. 


M. Jul. | Shepherd, Joe 8S., Salesman, Ameri- 
., Box 1491, 


Bay Ave. 


see Stafford 
Shaw, E. W., Water Utility Mgr., 
Clymer Water Service Co., 


Philadelphia St., Indiana, Pa. (Jul. 
56) M 


can Cast Iron Pi 
Salesman, Dallas, Tex. (Ju 
Milwaukee | stagrord Water 
Sharp, Supt., 


1245 Haven, N.J. 
MPD 
Struyk, C. John, Salesman, Empire 


Co. Ltd., Dundas St., 
. 


Brass Mfg. 
London, Ont. 
Trent, Russell John, Supt., Water 


Works, 108—26th St. N., Brandon, 


Jul. 


Sts., Beach Wilson 
(Corp. M. Jul. ’56) Mgr.,- 
3725 


Ky. (Jul. ’56) = Man. (Jul. MRPD RP 


EMGAMY Honor Roll 


Indiana 
Barrett, M. L. 


Murdoch, J. H., Jr. 


Kentucky-Tennessee 
Recker, W. H. 
Johnson, N. G. 
Nebraska 

Ott, R. C., Jr. 
New Jersey 
Weaver, Joseph 
New York 
Hopkins, E. W. 
North Carolina 
Young, E. G. 
North Central 
Flack, C. A. 
Sowden, H. J. 
Yegen, William 


Listed below are the AWWA members who have contributed to “ 
A-Member Year” by getting members for the Sections shown, in the period Jul. 1-31 
Numbers in parentheses indicate more than one member enrolled. 


Ohio 

Augenstein, H. W. 
Coleman, E. L. 
Pacific Northwest 
Clark, L. K. 
Myatt, G. R. 
Westgarth, W. C. 
Pennsylvania 
Degan, J. M. 
Flentje, M. E. 
Murdoch, J. H., Jr. 
Patterson, J. W. 
Rocky Mountain 
Kidd, Noel 


Southeastern 
Russell, Sherman 


Vincent, name, Sales, Empire Brass 


Toronto, 


(Ind.) Water Plant, 
William 1 Water Distr. Supt., 
Warren, 


Warren 


w ebster, Willard W.., Cons. Engr., 
4A E Williston, N.D 
(ja. PD 
Weeks, yb D., Plant Operat 
Water Dept., La Grange, Ill. (J 


Walter _c,| Wiliams, 


Stafford Water Co., 


W. J., Megr., Palmy 
13 
Palmyra, Pa. (Jul. ’56) M 


Salem Heights Water Dis 
S. Commercial St., Sale 
Ore. (Jul. ’ 
Woods, Philip Charles, 2nd I 
US Army, 7812 Army Unit (Re 
dent Engr. Sec.), APO 189, c 
Postmaster, New York, N.Y. (J 


svery-Member-Get 


V ol. 48, No.9 


37 Dartnell Ave., 
“Jul. 56) 


(Munic. Sv. Sub. 


S. Railroad § 


D., Water Di 


Southwest 
Burba, F. S. 
Gentry, Ted (2) 
Ragen, J. L. 
Stephens, Uel 
Virginia 
Pharr, J. M. 
West Virginia 
Leshkow, Nick 
Wisconsin 
Nordness, E. L. 
Rohlich, G. A. ( 
oth, H. S. 
US Territorial 
Woodall, B. W. 
Foreign 
Halkyard, C. C. 


~ 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
ina Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


Inquiries Solicited 


P. O. Bex 307 
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KENNEDY A.W.W.A. Gate Valves 


Give You More Value For Your Valve Dollar. . . 


O-RING SEALS 
Provide excellent sea! pre- 
vent binding of stem and ry? 
result in very easy valve 
operation. KENNEDY O- 
Rings are located above 
collar, permit repacking 
under pressure. Optional 
on KENNEDY  non-rising 
stem AW.W.A. valves 


STRONGER CONSTRUCTION 

Rugged design and construction features iron that is 

50% stronger than ordinary cast iron to keep KENNEDY 

Valves doing a better job over a longer, more de- 

Gate Valve, with 

KENNEDY manufactures a 

plete line of water works valves. 

Sizes range from 2” to 48” includ- : 

ing non-rising stem and outside- For maximum service life, for the | 

screw-and-yoke valves. These greatest value for your valve 

valves feature the hook-and-wedge dollar, specify KENNEDY valves 

type disc mechanism for easier, and fire hydrants. Remember, 

better and more positive valve KENNEDY means dependability 

operation. A wide variety of pipe in valves, fire hydrants and access- 

connections are available. ories. 


Fig. 571 Fig. 561 Fig. 566 Fig. 566G Fig. 566FTR 


Write today for NEW A.W.W.A. Valve Bulletin 


THE KENNEDY VALVE mec. co. - exmira, ¥. 


VALVES + PIPE FITTINGS + FIRE HYDRANTS 
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of Advertisers’ Products 


Activated Carbon: 

Industrial Chemical Sales Div. 

Permutit Co. 

Activated Silica Generators: 

Omega Machine Co. (Div., B-I-F 
Industries) 

Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 

American Well Wor 

Carborundum Co. 

General Filter Co 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Air Compressors: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Morse Bros. Mchy. Co. 

Alum (Sulfate of Alumina): 

American Cyan Co., Heavy 
Chemicals Dept. 

General Chemical Div. 


Anhydrous 


Ammonia, 
General Chemical Div. 


John Wiley Jones Co. 


Ammoniators: 

Fischer & Porter Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries) 

Wallace & Tiernan Co., Inc 


Brass Goods: 
American Brass Co. 
M. Greenberg’s Sons 
Hays Mfg. Co. 
Mueller 


Calcium Hypochlorite: 

John Wiley Jones Co. 

Carbon Dioxide Generators: 
Infilco Inc. 

Walker Process Equipment, Inc. 
Cathodic Protection: 
Electro Rust-Proofing Corp. 
Harco Corp. 

Cement, Portland: 

Monolith Portland Midwest Co. 
Cement Mortar Lining: 
Centriline Corp. 

Chemical Feed Apparatus: 
Cochrane Corp. 

Fischer & Porter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

F. B. Leopold Co. 


Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries) 


Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Chemists and Engineers: 

(See Professional Services) 

Chlorination Equipment: 

Builders-Providence, Inc. 
B-I-F Industries) 

Everson Mfg. Corp. 

Fischer & Porter Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries) 

Wallace & Tiernan Inc. 


(Div., 


Chlorine Comparators: 
Klett Mfg. Co 
Wallace & Tiernan Inc. 


Chlorine, Liquid: 
Wiley Jones Co. 
Jallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 
James B. Clow & 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

Mueller Co. 

Rensselaer Valve Co. 

Skinner, M. B., Co. 

A. P. Smith Mfg. Co. 
Smith-Blair, Inc. 

Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 
Skinner, M. B., Co. 


Clamps, Pipe Kepatir: 
James B. Clow & 
Dresser Mfg. Div 7 


Skinner, be 
Trinity Valley Iron & Steel Co. 


Clarifiers: 

American Well Works 
Chain Belt Co. 

Cochrane Corp. 
Dorr-Oliver Inc. 

General Filter Co 

Graver Water Conditionin 
Infilco Inc. 

Permutit Cc. 

Walker Process Equipment, Inc. 


On Call... 
to tell your story for you! 


OQAwwa 


AMERICAN WATER 
521 Fifth Avenue. 


Row 


be your spokesma 
a master of the a 


... Of establishing 


ready, able and, 


newspaper mats, 
are immediately 


list to: 


New York 


Willing Water wants work on or as 
your public relations staff. Let him 


... to your personnel. You'll find him 
your ideas .. . of soliciting co-operation 
up... put him to work on your public- 
ity, your signs, your bulletins, your 


bills, your reports... you'll find him 


Low-cost blocked electrotypes or 


Write now for a catalog and price 


WORKS ASSOCIATION 


‘Berens 


n to your customers 
rt of putting across 


good will. Call him 


of course, willing. 


59 different poses, 
available to you. 


17, New York 


5 
24 
’ a 
~~ 
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Mechanical Joint 
REPAIR SLEEVES 


on? 5 This sleeve makes a quick, permanent repair to a cracked or ete 


damaged main. It is easy to install— a good item to keep in stock 
for emergency use. 


Supplied with the sleeve are split end-gaskets, split glands or 
follower rings, and longitudinal gaskets. Installation consists simply 
of placing the two cies of the sleeve and accessories wine 
vol om pipe and bolting tight the joints. The longitudinal gaskets 
of the sleeve fit against the end gaskets, making a water-tight rubber 
seal. End gaskets are supplied to fit Classes AB or CD pit cast pipe, 

or Classes 100, 150, 200 and 250 centrifugally cast pipe. Available 
in sizes 4-inch to 16-inch. 


FOR WATER WORKS ¢ FILTER PLANTS 


Mii PRODUCTS INDUSTRY e SEWAGE DISPOSAL AND 
FIRE PROTECTION 


| 
— 
M&H VALVE AND FITTINGS COMPANY, ANNISTON, ALABAMA 
— 
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Condensers: 

Alco Products, Inc. 
Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 
Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 
(Div., 


Builders-Providence, Inc. 
Infilco Inc. 
American Brass 
Corrosion Control: 
DeLaval Steam Turbine Co. — 
Morse Bros. Mchy. Co. 
(See Professional Services) 
Graver Were” Conditioning Co. 

Industries) 

rundum Co, 

Permut 
Dorr-Oliver Inc. 
Proportioneers, Inc. (Div., B-I-F 
AG Chemical Co. 

B-I-F Industries) 


B-I-F Industries) 
Fischer & Porter Co. 
Foxboro Co. 
General Fiiter Co. 
Minneapolis-Honeywell 

Regulator Co. 
Simplex Valve & Meter Co. 
Copper Sheets: 
Copper Sulfate: 
General Chemical Div. 
Phelps Dodge Refining Corp. 
Tennessee Corp. 
Alco Products, Inc. 
Calgon, Inc. 
Philadelphia Quartz Co. 
Couplings, Flexible: 
Dresser Mfg. Div 
Philadelphia Gear “Works, Inc. 
Diaphragms, Pump: 
Dorr-Oliver Inc. 
Southern Pipe & Casing Co. 
Engines, Hydraulic: 
Ross Valve Mfg. Co. 
Engineers and Chemists: 
Feedwater Treatment: 
Allis-Chalmers Mfg. Co. 
Calgon, Inc. 
Cochrane Corp 
Hungerford & Terry, Inc. 
Infilca Inc. 
Permutit Co. 
Proportioneers, Inc. (Div., B-I-F 
Ferric Sulfate: ios 
Tennessee Corp. 
Filter Materials: 
Anthracite Equipment Corp. 
General Filter Co. 
Infilco Inc. 
Johns-Manville Corp. 
+ Co. 
Carl Schleicher & Schuell Co. 
Stuart Corp. 
Filters, incl. Feedwater: 
Cochrane Corp. 
Graver Water Conditioning Co. 
Infilco Inc. 
Morse Bros. Mchy. Co. 
Permutit Co. 

Industries) 
Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 
Filters, Membrane (MF): 
Millipore Filter Corp 
Carl Schleicher & ‘Schuell Co. 
Filtration Plant Equipment: 
Builders-Providence, Inc. (Div., 
Chain Belt Co. 
Cochrane Corp. 
Filtration Equipment Corp, 
General Filter Co. 


ADVERTISERS’ PRODUCTS 


Graver Water Co. 

Hungerford & T 

Infilco Inc. 

F. B. Leopold Co. 

Omega Machine Co. (Div., 
Industries) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Simplex Valve & Meter Co. 

Stuart Corp. 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

Mueller Co. 


Fittings, Tees, Ells, etc.: 
Alco Products, Inc. 

Cast Iron Pipe Research Assn 
James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co. 

Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

F. B. Li Id Co. 
Permutit 

Stuart Corp. 


Fluoride Chemicals: 
American Agricultural Chemical Co. 


Fluoride Feeders: 

Fischer & Porter Co. 

Omega Machine Co. (Div., 
Industries) 

Proportioneers, Inc. (Div., 
Industries) 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 

Builders-Providence, Inc. 
B-I-F Industries) 

Infilco Inc 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Gages, Loss of Head, Pressure 
& Vacuum, Rate of Flow, 
Sand Expansion: 

Builders-Providence, Inc. 
B-I-F Industries) 

Foxboro Co. 

Infilco Inc. 


Pa Pollard Co., Inc. 
a A Valve & Meter Co. 
Wallace & Tiernan Inc. 
Gasholders: 
Bethlehem Steel Co. 
Chicago & Co. 
Hammond 
Pittsburgh- Des Pte me Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 
Gates, Shear and Sluice: 
Armco Drainage & Metal Products, 


nc. 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Morse 7 Mchy. Co. 


B-I-F 


B-I-F 
B-I-F 


(Div., 


(Div., 
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Gears, Speed Reducing : 
DeLaval Steam Turbine Co. 
Philadelphia Gear Works, Inc 


Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

me Mfg. Co. 

fueller 

Ilydrants: 

James B. Clow & Sons - 

Darling Valve & Mfg. Co. » 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 


Hydrogen ton Equipment: 
Wallace & Tiernan Inc. 

Calcium 
Hy- 


Hypochlorite; nee 
Hypochlorite; Sodium 
pochlorite 


Ion Exchange Materials: 
Allis-Chalmers Mfg. Co. 
Cochrane Corp. 

General Filter Co 

Graver Water Conditioning Co. 
ag & Terry, Inc. 
nfilco Inc. 

Permutit Co. 
Roberts Filter Mfg. Co. 


Iron, Pig: 
Woodward Iron Co. 


= 
Iron Removal Plants: 
American Well Works he, 
Chain Belt Co. 

Cochrane Corp. 

General Filter Co 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 


Jointing Materials: 
Hydraulic Development Corp. 
Corp. 

easbey & Mattison Co. 
Leadite Co., Inc. 


Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn 
James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co. 


Leak Detectors: 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. (Div., 
Industries) 

Permutit Co. 

Wallace & Tiernan Inc. 


Magnetic Dipping Needles: 
W. S. Darley & Co. 
Meter Boxes: 


Ford Meter Box Co. 
Pittsburgh Equitable Meter Div. 


B-I-F 


4 
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 Modernize Your Recarbonization| 


OLD METHOD—Fuel is burned at atmospher- 
ic pressure resulting in the production of gases 
containing corrosive elements and taste imparting 
impurities. Cooling, scrubbing and drying gen- 
erally removes only part of the undesirable 
products, and also some of the CO,. Consequently, 
the compressor and diffusion system must handle 
corrosive gases which increases maintenance and 
reduces the life of the equipment. 


ECONOMI CA L as reacted. Fifty 


CARBALL 
vo UNIT 


The CARBALL is available in four 
sizes with capacities ranging to 
10,000 Ibs./CO, per day. Either 
gas or fuel oil may be utilized. 
Write for Bulletin 7W83. 


CARBALL METHOD—tThe CARBALL pro- 
duces CO, by compressing cold clean air followed 
by complete combustion of the air-fuel mixture, 
under pressure, in an accessible chamber. Corro- 
sive elements and taste imparting impurities are 
eliminated. Cooler-Scrubber and Drier are not re- 
quired. Recompression is eliminated since com- 
bustion under pressure permits self-injection of 
the gases. 


AND EFFICIENT —Production and absorption of CO, with the CARBALL 
t a pound 


cent more CO, is produced as compared to old 


methods. DIFFUSAIR diffusion system generally yields in excess of 92% absorption efficiency at only 


8 fc. submergence. 


Combustion efficiency permits fuel savings that will defray 


seven years. 


WALHER PROCESS 


One half minute retention time for absorption saves cost of large diffusion basin. 


cost of the CARBALIL in less than 


WALKER PROCESS EQUIPMENT INC. 


Factory — Engineering Offices — Laboratories 


= 
PROVEN ON MANY SUCCESSFUL INSTALLATIONSe 
= 
1 
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(Div., 


(Div., 


Meter Couplings and Yokes: 
Badger Meter Mig. Co. 
Ford Meter Box Co. 
Hays Mfg. Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh E uitable Meter Div. 
Worthington-Gamon Meter Co 
Mfg. Co. 
Badger Meter Mfg. % 4 
Meter Testers: aa 
Badger Meter Mfg. Co. : 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Hersey Mfg. 
Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 
Pumping Station, 
Transmission Line: 
Builders-Providence, Inc. 
Foster Eng. Co. 
Infilco Inc 
Minneapolis-Honeywell 
Simplex Valve & 
Meters, Industrial, Commer- 
cial: 
Buffalo Meter Co 
Builders-Providence, Inc. 
B-I-F Industries) 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 
Mixing — 
General Filter Co 
Infilco Inc 
F. B. Leopold Co. 
Paints: 
Inertol Co., Inc infrall 
Pipe, Asbestos-Cement: 
Manville Corp. 
easbey & Mattison Co. 
American Brass Co. 
Pipe, Cast Iron (and Fittings) : 
Alabama Pipe Co 
American Cast Iron Pipe Co. 
Assn. 
James B. Clow & Sons 
Trinit 
United States Pipe & Foundry Co. 
R. D. Wood Co 
Pipe, Cement Lined: 
American Cast Iron Pipe Co. 
James B. Clow & Sons 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
Pipe, Concrete: 
Assn. 
American Pipe & Construction Co. 
Lock Joint Pipe Co. 
Pipe, Copper: 
Brass Co 


Dresser Mfg. 
Mueller Co. 
Meter Reading and Record 
Ford Meter Box Co. 
Meters, Domestic: 
Neptune Meter C 
Meters, Filtration Plant, 
B-I-F Industries) 
Regulator Co. 
Meter Co 
Badger Meter Mfg. Co. 
Fischer & Porter Co. 
Simplex Valve & Meter Co 
Chain Belt 
Barrett Div. 
Pipe, Brass: 
Cast Iron Pipe Researc 
Valley Iron & Steel Co. 
Cast Iron Pipe Research Assn. 
American Concrete Pressure Pipe 
American 
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Pipe, Steel: 
Alco Products, Inc. 
Armco Drainage & Metal Products. 


nc. 

Bethlehem Steel Co. 

Pipe Cleaning Services: 

Ace Pipe Cleaning, Inc. 

National Water Main Cleaning Co. 

Pipe Cleaning Tools and 
Equipment: 

Flexible Inc. 

Pipe Coatings and Linings: 

Barrett Div. 

Cast Iron Pipe Research Assn 

Centriline Corp 

Inertol Co., Inc. 

Koppers Co., Inc. 

Reilly Tar &C hemical Corp. 

Pipe Cutters: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 

Reed Mfg. Co. 

A. P. Smith Mfg. Co. 

Spring Load Mfg. Corp. 

Pipe Jointing Materials; 
Jointing Materials 

Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pipe Vises: 

Spring Load Mfg. Corp. 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 

Potassium Permanganate: 

Carus Chemical Co. 

Pressure Kegulators: 

Allis-Chalmers Mfg. Co. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

Pumps, Boiler Feed: 

Allis-Chalmers Mfg. Co. 


see 


DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
American Well Works 
DeLaval Steam Turbine Co 
C. H. Wheeler Mfg. Co. 
Pumps, Chemical Feed: 
Proportioneers, Inc. 
Industries) 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
Layne & Bowler, Inc. : 
Pumps, Diaphragm: @ 
Morse Bros. Mchy. Co. ey 
Wallace & Tiernan Inc. 
V. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Ross Valve Mfg. Co. 
tow se Sewage: 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mig. Co. 
DeLaval Steam P Turbine Co 
C. H. Wheeler Mfg. Co. 
DeLaval Steam Turbine Co 
Layne & Bowler, Inc. 
802, etc.: 
Permutit Co hand 


Allis-Chalmers Mfg. Co. 
Morse Bros. Mchy. Co. 
Infilco Inc. 

(Div., 
American Well Works 
Dorr-Oliver Inc. a 
Pumps, Hydrant: 
Pumps, Hydraulic Booster: 
Allis-Chalmers Mfg. Co. 
Pumps, Sump 
Pumps, Turbine: 
Recorders, Gas Density, COs, 
Wallace & Tiernan Inc. 


Recording Instruments: 

Builders-Providence, Inc. 
B-I-F Industries) 

Fischer & Porter Co. 

Infileo Inc 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Keservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge ron Co. 

R. D. Cole Mfg. Co. i 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sand Expansion Gages; see 
Gages 

Sleeves; see Clamps 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 

General Filter Co 

Graver Water Conditioning Co. 

Permutit Co 

Sodium Aluminate: 

Monolith Portland Midwest Co. 

Sodium Chloride: 

Frontier Chemical Co. 

Sodium Hexametaphosphate: 

Calgon, Inc 

Sodium Hypochlorite: _ 

John Wiley Jones Co. 

Wallace & Tiernan Inc. 

Sodium Silicate: 

Philadelphia Quartz Co. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon, Inc. 

Cochrane Corp. 

General Filter Co. 

Infilco Inc. 

Morton Salt Co. 

Permutit Co 

Tennessee Corp. 

Standpipes, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co 

Steel Plate Construction: 

Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co 

Stops, Curb and Corporation: 

Hays Mfg. Co. 

Mueller Co. 

Storage Tanks; see Tanks 


Strainers, Suction: 
James B. Clow & Sons 
M. Greenberg's Sons 
Johnson, Edward E., Inc. 
R. D. Wood Co 


| 
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Cosme Plant: Filter capacity 24 MGD e Consulting Engineers: Greeley and Hansen e 
Mechanical Contractor: Bass Construction Co. a a 


Simplex provides Centralized 
automatic filter control! 


The St. Petersburg, Florida, water system has just been ex- 
panded. In the Cosme plant, the latest addition—a new, master 
pneumatic control system provides the dependable accuracy that 
assures maximum filter efficiency. 

Backbone of the system are tried and proven Simplex “S” 
Controllers for each filter to keep rate-of-flow constant despite 
changes in head. From these direct-acting controllers, new Sim- 
plex Laminair Converters transmit pneumatic signals instantly. 
So at the new, sensitive bellows-type Receiving Instruments, 
there’s no hunting, no lag, no inaccuracies! 

Results: Rate of flow, loss of head and water levels are indi- 
cated and recorded, with total plant flow summated, at one cen- 
tral table that operates all filters at optimum rates. oem 


Filter gallery: Diaphragm pots for Mas- At this one table, Simplex pneumatic 
ter Pneumatic System are just above receivers give centralized measurement 
counterbalanced arms of the Simplex of summated plant output and central- 
Controllers. ized control of flow. 


vig FREE TECHNICAL INFORMATION! 
Write Simplex Valve & Meter Company, Dept. JA-9 
7 E. Orange St., Lancaster, Pa. 


Accurate instruments 
and controls 


for over 50 years 
VALVE METER COMPANY 
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Surface Wash Equipment: 
Cochrane Corp. 
Permutit Co. 


Swimming Pool Sterilization: 
Builders-Providence, Inc. (Div., 
B-I-F Industries) 
Fischer & Porter Co. 
Omega Machine Co. (Div., B-I-F 
Industries) 

Proportioneers, (Div., B-I-F 
Industries) 

Wallace & Tiernan Inc. = 


Tanks, Steel: 
Alco Products, Inc. 
Bethlehem Steel Co. a 
Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Tapping-Drilling Machines: 
Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 


Tapping Machines, Corp.: 
Hays Mfg. Co. 
Mueller Co. 


Taste and Odor Removal: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Industriai Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, (Div., 
Industries) 

Wallace & Tiernan Inc. 


Tenoning Tools: 

Spring Load Mfg. Corp. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 

R. D. Wood Co. 

Valve-Inserting Machines: 

Mueller Co. 

A. P. Smith Mfg. Co. 

Valves, Altitude: 

Golden-Anderson Valve Co. 

Ross Valve Mfg. Co., 

S. Morgan Smith Co. 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 


Inc. 


Inc. B-I-F 


ADVERTISERS’ PRODUCTS 


James B. Clow & Sons 
DeZurik Shower Co. —- 
M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mig. Co 


Valves, Electrically Operated: 

Builders-Providence, _ Inc. 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 


Golden-Anderson Valve Specialty Co. 


Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Philadelphia Gear Works, Inc. 
Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


Valves, Float: 
James B. Clow & Sons 


Golden-Anderson Valve Specialty Co. 


Henry Pratt Co. 
Ross Valve Mfg. 


Valves, Gate: 

Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Crane 

Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 


Co., Inc. 


A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Hydraulically Oper- 
ated: 

Builders-Providence, Inc. (Div., 


B-I-F Industries) 
Chapman Valve Mfg. 
James B. Clow & Sons 
Crane Co. 

Darling Valve & Mfg. Co. 
DeZurik Shower Co. 


Co. 


Golden-Anderson Valve Specialty Co. 


Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Philadelphia Gear Works, Inc. 
Henry Pratt Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 

Valves, Large Diameter: 
oe Valve Mfg. Co. 
James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 


Golden-Anderson Valve Specialty Co. 


(Div., 
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Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 
Mueller Co. 
Henry Pratt Co. 
Rensselaer Valve Co. ; 
A. P. Smith Mfg. Co. i> 
S. Morgan Smith Co. 
R. D. Wood Co. 


Valves, Regulating: 

DeZurik Shower Co. a 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 

Minneapolis-Honeywell 
Regulator Co. 

Mueller Co. 

Henry Pratt Co. 

Ross Valve Mfg. Co. 

S. Morgan Smith Co. 


Valves, Swing Check: — 
Chapman Valve Mfg. Co. a 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
M. Greenberg’s Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 

P. Smith Mfg. Co. 
R. D. Wood Co. 


Venturi Tubes: 

Builders-Providence, Inc. 
B-I-F Industries) 

Infilco Inc. 

Simplex Valve & Meter Co. 


Waterproofing: 
Barrett Div. 
Inertol Co., Inc. 


Water Softening 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Apparatus: 
Wallace & Tiernan Inc. 


Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Fischer & Porter Co. 

General Filter Co 

Graver Water Conditioning Co. 

Hammond Iron Wor! 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Waliace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Screens: 

Johnson, Edward E., Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite; see Ion 
Materials 


Plants; see 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 


1955 AWWA Directory. 
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Steel Pipe... Protected by Bitumastic 70-B AWWA Enamel 


Steel pipe lined and coated with coal-tar 


- ae enamel is a combination that’s hard to beat 
. _ for long-life and economy in water service. The 
spun lining of Bitumastic® 70-B AWWA Enamel, 
- approximately 3/32” thick, gives a waterproof 
= ben coating that provides the longest life free 
tuberculation, incrustation and cerrosion. 
Steel pipe with a spun Bitumastic lining 
has the highest carrying capacity of any type re 
of water pipe, and assures maximum delivery 
‘Take advantage of these economies— 
Specify steel pipe lined and coated with 
Bitumastic 70-B AWWA Enamel. 


TUMASTI( 


REG. U.S. PAT. OFF 


ENAMELS 


ae 
YOUR BEST INVESTMENT FOR WATER LINES: ; 
. 
w 
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BIG RED HAND 


_ circumference of the dial. Like the split-second hand on a stop i, 
watch, the slightest movement can be seen. 

When testing a new or repaired meter, this large hand and big | 
circle scale provide a much closer accuracy check than can be © 
obtained from a conventional small test hand. Center mounting 
| permits a better arrangement of the dial—one that’s easier to 
bts read. And the large sweep dial test hand is an invaluable aid when | 
checking for leaks on customer’s premises. an 

The big red hand is only one of the bigger, better values that _ 
Rockwell builds into all its water meters. It’s an outward indi- | | 
cation of quality construction through and through. Write > 


catalogs. 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA. Atlanta Boston Charlotte Chicago Dallas Denver Houston 
Los Angeles Midland, Texas. New Orleans New York N. Kansas City Philadelphia 
Pittsburgh San Francisco Seattle Shreveport Tulsa In Canada: Rockwell Manufac- 
turing Company of Canada, Ltd., Toronto, Ontario 


| 
As 
. 
= Another Bonus Value 
n All Rockwell Water Meters 
standard construction the registers on all Rockwell meters have 
| 
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Aeriol view above shows the completed 
completed in 1948. Consulting Engineer 


Step 1 In 1940, Wichita, Kansas, installed a Dorrco Flash Mixer, 
Wi CS h i t a Dorrco Flocculator mechanism and a 115’ dia. Dorr Squarex Clarifier 
KANSAS at their new plant with a design flow of 20 M.G.D. 
Step 2 In 1948 another Dorr Squarex Clarifier was installed, this 
Completes time a 160’ dia. unit which increased capacity to 45 M.G.D. 
Modernization Step 3 —— The latest addition at Wichita’s recently completed plant, 
. . includes the installation of two more sets of Dorrco Flocculators, and 
with Third two 160’ dia. Dorr Squarex Clarifiers which have increased the plant 
Addition to capacity to 84 M.G.D. 
Plant If you'd like more information on the complete line of Dorr-Oliver 
Water treatment equipment, write for Bulletin No. 9141 to Dorr-Oliver 
Incorporated, Stamford, Connecticut. 


Every day over 8% billion gallons of water are treated by Dorr-Oliver equipment. 
Floceulator ond Squorex TM. Reg. U. S. Patent Office 
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Jointed for ... 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the ‘“‘jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


= The pioneer: self-caulking material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75"; 


THE LEADITE COMPANY 
Girard Trust Co. Bldg Philade!phia, Pa. 
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